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This thesis is composed of two journal-ready articles and an accompanying 
appendix with additional data and interpretation. Overall, this thesis describes and 
statistically analyzes dominance relationships in two nonhuman primate groups with 
novel methods, possible correlations between dominance and testosterone, and uncovers 
the prominent connection of caregivers to captive chimpanzee social networks. 
Chapter I addresses current and past variability in behavioral measures and 
statistical methods to derive dominance rankings. I propose a novel approach to using 
existing statistical techniques to analyze dominance ranks, context-dependent dominant 
structures (agonistic competitions, lack of agonism, privileged role, priority access to 
resources), the reliability of statistical analyses (DS, I&SI, ADAGIO, PERC, Elo), and 
rank predictability of dominance structures on other social behaviors in captive 
chimpanzees and wild Tibetan macaques. These results indicated context-dependent 
dominance and individual social roles in the captive chimpanzee group, one broadly 
defined dominance structure in the Tibetan macaque group, and high within-context 
analysis reliability but little cross-context predictability.  
 
iv  
Chapter III expands on the current literature on captive chimpanzee social 
networks but consider their human caregivers as potential social partners. By analyzing 
these social networks through multiple social network analyses, our results indicated that 
human caregivers occupy prominent positions (rather than peripheral or isolate) in the 
chimpanzees’ social network. I propose that the caregivers’ prominent position may be 
due to their use of chimpanzee-typical behaviors in their daily husbandry routines and 
interactions. Our results bear influence on captive welfare, health, translocation, and 
husbandry protocols across many nonhuman primate captive settings.  
Chapter IV investigates possible relationships between testosterone and 
dominance rank in the captive chimpanzee group. These results provided no statistically 
significant evidence to support that individual fecal testosterone levels positively 
correlate with context-dependent dominance ranks. The lack of significant correlations 
between dominance and testosterone opposes the results of other authors but supports 
other evidence that the interplay between behavior (specifically, aggression) and 
hormones (specifically, testosterone) is complex and can become convoluted by multiple 
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GENERAL INTRODUCTION AND LITERATURE REVIEW 
Chimpanzees in Africa  
Chimpanzees (Pan troglodytes) inhabit wide ranges across equatorial Africa and 
thrive in large multi-male/multi-female fission-fusion societies of 22 to over 140 
individuals. To ensure access to adequate resources, individuals within these large 
communities must navigate dynamic dominance hierarchies and complicated social 
structures (Boesch, 1997; Stumpf, 2011). The average range of a chimpanzee population 
is widely variable, but most groups range across vast areas of 7-50 km2 to forage, feed, 
hunt, and find a variety food resources. Chimpanzees are frugivorous with diets 
composed of fruits (64%), plant matter (25%), terrestrial herbaceous vegetation (7%), and 
hunted animal protein (4%) (Stumpf, 2011). 
Chimpanzees are characterized as male philopatric with female dispersal. Because 
of male kinship, males tend to have relatively strong relationships with one another and 
even form alliances and coalitions. Males are central to wild chimpanzee groups; this is 
evident through strong male coalitions and alliances making up the group’s center (de 
Waal, 1982). Male chimpanzees have been observed to interact affiliatively (e.g., 
allogroom), group in coalitions (Mitani et al., 2000), communally defend the entire group 
against neighboring intrusions (Muller, 2002), and hunt cooperatively (Boesch & Boesch-
Achermann, 2000). Males have strict, linear hierarchies within their strong relationships, 
which may be a product of competition in accessing estrous females (Boesch, Kohou, 
Néné, & Vigilant, 2006). Relationships between male and female chimpanzees are often 
observed to be agonistic. Most male chimpanzee aggression is female-focused, this is 
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through to reinforce and maintain male dominance over all females (Muller, 2002). 
However, as females increase in sexual receptivity, female-focused aggression decreases 
and aggression focused towards other males increases.  
In contrast to male-male relationships, female-female relationships in 
chimpanzees are categorized as weak and unstable. Within the group, females tend to 
spend the majority of time alone or in small family units rather than associate with other 
females (van Schaik, 1989). While females may avoid interacting on a regular basis with 
the rest of the population, females come together at feeding sites during dry seasons 
(Wrangham, 1980; van Schaik, 1989), and resource competition and dominance rank play 
important roles during these interactions. Female rank is associated with priority access 
to preferred resources, reproductive success, and infant survival (Pusey et al., 2005; 
Murray et al., 2006). However, while this is generally true of wild female chimpanzee 
relations, captive situations and diminishing natural habitat has shed light on the 
incredible flexible nature of female chimpanzee social behavior. Some researchers have 
observed females to form stable relationships, share food, and form coalitions to counter 
male aggression in both captive and wild groups (Wakefield, 2013; Wittig & Boesch, 
2003). This suggests that females are able to manipulate social situations to best enhance 
their individual success in navigating such complex social systems.  
Intragroup chimpanzee conflicts are common in wild and captive groups and 
escalate within the reproductive and dominance contexts. Muller and Wrangham (2004) 
argued that the frequent nature of intragroup aggression may be necessary to re-establish 
or maintain rank positions upon fusing with other parties after foraging in small 
subgroups throughout the day. To mitigate the effects of such aggressive encounters, 
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male-male dyads commonly affiliate to decrease the intensity of future aggressive 
encounters during ploys for rank and access to resources. During, or immediately 
following, aggressive encounters, chimpanzees seek or offer reassurances by/from those 
with whom they share strong social bonds (Boesch & Boesch-Achermann, 2000). 
Following agonistic encounters, two or more combatants may reconcile with affiliation 
(including socio-sexual) behaviors to rebuild social bonds, mend relationships, and 
decrease the probability of aggression continuing into the future (Muller & Wrangham, 
2004).  
Chimpanzees in Captivity  
The complex social behavior of wild chimpanzees is difficult to understand, and 
even more difficult to reproduce in captivity. Lincoln Park Zoo’s ChimpCARE.org 
(2016) reports over 1,500 chimpanzees in United States captivity within Global 
Federation of Animal Sanctuary (GFAS)- accredited sanctuaries (36%), biomedical 
laboratories (37%), American Zoological Association (AZA)-accredited zoos (16%), 
unaccredited facilities (7%), entertainment institutions (0.82%), or pet homes (2%). 
While the management of AZA-accredited facilities are tasked with promoting species 
survival, management of GFAS-accredited sanctuaries are concerned with providing 
maximum welfare to chimpanzees retiring from other captive settings. The history of 
captive nonhuman primates in the United States is complicated. Following WWII, 
importing chimpanzees and rhesus macaques from habitat countries to the United States 
drastically increased their use in biomedical, behavioral, defense, toxicology, and vaccine 
research. This trend accelerated during the 1950s space race with the Soviet Union when 
both countries launched massive efforts to “domesticate” wild-caught chimpanzees and 
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rhesus macaques for use in breeding programs and space-age research (Hua & Ahuja, 
2013). However, recent history is diverging from these exploitative trends. In response to 
a 2010 petition from the Humane Society of the United States, the United States 
Department of Fish and Wildlife declared captive chimpanzees as endangered. This 
declaration marked the effective end of invasive research on chimpanzees in the United 
States (Frostic, 2010; United States, 2015). However, this change of status this leaves 
more than 550 chimpanzees across the United States in need of relocation for retirement 
(chimpcare.org). This influx in chimpanzees requiring retirement facilities necessitates 
research to gain a better understanding of chimpanzees’ captive needs (Bennett, 2015). 
Chimpanzee sanctuaries are rapidly being expanded to ensure the appropriate needs 
(physical and psychological) for these unique and diverse chimpanzees, while the 
sanctuaries themselves are coping with the novelty of their newfound captive setting. 
 Captive Animal Welfare. Definitions of captive animal welfare include freedom: 
(1) from thirst and hunger, (2) from fear and distress, (3) from discomfort, (4) from pain 
and suffering, and (5) freedom to express normal behaviors (Brambell, 1965). These 
definitions have continued to expand, Webster (1995) adds freedom to exert control over 
quality of life to the discussion. The freedom to exert control over one’s life also called 
“agency,” and this construct has received recent emphasis in the literature. Kagan, Carter, 
& Allard (2015) describe this freedom as the ability to make choices about where to 
spend time, how to spend time, and when and with whom to socially engage (with 
groupmates, human caregivers, and visitors). Ryder (1998) adds to these welfare 
definitions freedom from boredom; this freedom closely interacts with exhibiting species-
normative behavior. The lack of such behavior is often correlated with increased 
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abnormal or stereotypic behavior, and some of these behaviors can be indicative of 
boredom and stress (Zaragoza, Ibáñez, Mas, Laiglesia, & Anzola, 2011).  
The task of ensuring positive welfare states in captive individuals and ensuring 
individual agency in social relationships is incredibly challenging because of the 
complexity of social behavior within and between primate species, especially within Pan. 
Management of chimpanzees in a captive setting generates many obstacles, including 
how to best represent social landscapes for species-typical behavior. A “successful” 
captive environment is often regarded as one that parallels a wild environment (Coe, 
2003; Maple & Finlay, 1986; Ross, Schapiro, Hau, & Lukas, 2009). These requirements 
of captive “success” are unattainable in captive facilities; however, many scientists have 
investigated a variety of methods to continually improve captive chimpanzee welfare. 
Much of this literature evaluating the needs of captive chimpanzees are based in a 
zoological setting, but most of the chimpanzees retiring from biomedical facilities are not 
retiring to zoos; rather, sanctuaries are rapidly forming and expanding to accommodate 
this influx. While the literature coming from zoological settings are useful references, the 
chimpanzees retiring from biomedical facilities have unique life histories, irregular 
experiences, and widely variable group compositions that make zoo-to-sanctuary 
generalizations invalid.  
 Zoos and sanctuaries vary in individual chimpanzee attributes, facility policies, 
and husbandry philosophy. To stereotype the policy and philosophy of all zoos or 
sanctuaries into a handful of characteristics would be inappropriate; however, a few 
fundamental differences are clear. Drawing from the overseeing agencies of zoos and 
sanctuaries (AZA and GFAS), the following can be deduced: zoos sustain and continue to 
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genetically expand captive species, while providing education and entertainment to 
visitors (AZA, 2017), whereas sanctuaries rescue and acquire individuals without 
practicing breeding or providing public entertainment (GFAS, 2013). These conditions 
also affect the consideration of human-animal relationships within facilities and their 
husbandry protocols. Many studies in zoo settings have investigated the effects of human 
zoo visitors and methods to mitigate these effects when they are found to negatively 
impact welfare (e.g., Birke, 2002; Chamove, Hosey, & Schaetzel, 1988; Hosey, 2000; 
Sherwen et al., 2015). These visitor effects are not typically of concern in sanctuaries 
because sanctuaries offer few controlled and guided tours. Other research has shown that 
positive interactions with human caregivers improve captive primate welfare (Chelluri, 
Ross, & Wagner, 2013; Jensvold, 2008; Manciocco, Chiarotti, & Vitale, 2009). In 
sanctuaries, human caregivers may have more time and the necessary resources (relative 
to zoos and laboratories) to build relationships and provide enriching interactions with the 
chimpanzees in their care on a daily basis; some have even argued these positive 
interactions serve as social enrichment and improve welfare (Fouts, 1998; Fouts, Abshire, 
Bodamer, & Fouts, 1989). Compiled, these effects signify major differences between 
these captive settings and indicate the need for research in sanctuary settings.  
Chimpanzee Sanctuary Northwest (CSNW) 
 CSNW was formed in 2003 to provide life-time care for chimpanzees rescued 
from the entertainment industry and biomedical laboratories. The sanctuary is situated on 
27.5 hectares of farm and forestland in the Cascade mountains of Washington state. The 
first group of chimpanzees were retired to CSNW in June of 2008 and reside there today. 
This group of seven chimpanzees came from a windowless basement of a private 
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biomedical laboratory in Pennsylvania where they had been warehoused together for four 
or more years after being used in hepatitis vaccine testing and breeding. Three or four 
females were born and raised in laboratories, one or two females was captured in the wild 
for captive experiments, and one male and one female were born and raised into the 
entertainment and pet industry for the first parts of their lives (chimpsanctuarynw.org). 
These life histories are not unique to just this small group, many chimpanzees in 
laboratories have similar experiences.  
 The management and staff at CSNW provide lifetime care for formerly abused 
and exploited chimpanzees (chimpsanctuarynw.org). Sanctuary staff has adopted a 
husbandry philosophy of putting the chimpanzees’ needs above all else. The seven 
chimpanzees occupy multi-faceted indoor and outdoor spaces of various sizes and 
configurations. Sanctuary staff and volunteers spend their days providing the highest 
quality and most enriching care possible for the chimpanzees. While never sharing 
physical space, the chimpanzees and human caregivers often interact via various types of 
play, games of chase and troll-toss, knuckle rubbing, tool grooming, perimeter walks, etc. 
To ensure the best quality life for the chimpanzees, the sanctuary is not regularly open to 
the public, but there are guided educational tours throughout the summer given to small 
groups. While no published articles quantitatively or qualitatively assess these sanctuary 
components for chimpanzees retired from research facilities compared to those living in 
zoological parks, the seven chimpanzees at Chimpanzees at Chimpanzee Sanctuary 
Northwest serve as a representative sample for the larger population of 550+ 




 Previous Research at CSNW.  Past research at the sanctuary has explored the 
effects of these small, guided tours on chimpanzee welfare. Farley (2016) investigated 
rates of behaviorally-measured stress on tour and non-tour days to find no generalizable 
effects consistent across all chimpanzees. Funkhouser, Mayhew, and Mulcahy (2018) 
explored the social structure and dominance hierarchy within the chimpanzee group. 
Analyses of proximity, grooming, and agonism revealed few consistencies in the 
chimpanzee society. Measures of grooming and proximity showed a strong relationship 
between Missy and Annie and a relatively strong relationship between Burrito and Foxie. 
Missy and Annie were calculated to have the highest eigenvector centrality (i.e., highest 
network connectedness), and Jody to receive a large proportion of directional grooming. 
Meanwhile, through these measures, Negra was found to be connected in the grooming 
network but isolated (i.e., without significant connections) in proximity; Jamie was 
isolated with respect to both measures. Agonistic analyses showed Jamie to readily 
aggress at individuals while receiving little agonism herself; meanwhile, most other 
individuals only received agonism (Foxie, Negra, Missy, and Jody) or were not found to 
have significant connection (Annie). Their dominance hierarchy analyses were found to 
be rather ambiguous and statistically nonlinear. All dominance rank analyses positioned 
Jamie as most dominant because of her elevated proportion of acted versus received 
agonism; however, this is not consistent with her position within affiliative networks. The 
other chimpanzees’ dominance rank was widely distributed, with no two methods reliably 
ranking another individual.  
 Because of the ambiguity in the calculated dominance rank Funkhouser, Mayhew, 
and Mulcahy decided to add human caregivers to the chimpanzee groups’ social network 
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analyses (unpublished data). These analyses showed that humans were calculated to have 
the highest eigenvector centrality within the affiliative network and shared an extremely 
strong relationship with Jamie. The authors argue the possibility of humans occupying 
the most dominant position through the control of resources, group movement, and/or 
central position because of the nature of captivity. These agonistic network analyses with 
the addition of human caregivers showed a large amount of agonism directed from Jamie 
toward caregivers. Coupling the two agonistic networks it’s clear Jamie exhibits a greater 
proportion of agonism than any other chimpanzee at CSNW. This unidirectional 
aggressive relationship between chimpanzees (namely, Jamie) and human caregivers is 
not surprising because human caregivers at CSNW do not reprimand, punish, or respond 
to threats by the chimpanzees. These ambiguous results of previous research in 
dominance hierarchy and chimpanzee-caregiver relationships at CSNW call for further 
investigations of these topics. The functional position of humans within this society sheds 
light on the importance of considering caregivers within captive great ape social systems. 
Investigating Chimpanzee-Caregiver Relationships 
Investigations of both human-chimpanzee social relationships and dominance 
rank can be measured and tested via social network analyses. Social Network Analysis 
(SNA) illustrates the dynamics of social structures similar to that of the chimpanzees at 
CSNW, including individual centrality, preferred social partners, and dyadic avoidance, 
ultimately leading to a more holistic understanding of the group’s social dynamics (Clark, 
2011; Sueur et al., 2011; Wey et al., 2008; Whitehead, 2009). Centrality can be important 
when restructuring existing captive groups, as most central individuals have been shown 
to maintain group cohesion, possibly mitigating aggression, and influencing population-
 10 
 
level welfare. This is an important consideration when planning the introduction 
sequence of new individuals into an enclosure and determining which individuals to 
transfer to another group (Clark, 2011; Koski, 2011; Sueur et al., 2011; Kanngiesser, 
Sueur, Riedl, Grossmann, & Call, 2011). 
 Although many authors have conducted SNA in captive groups of chimpanzees, 
none consider the presumably strong relationship that captive chimpanzees share with 
their human caregivers. Some authors do, however, mention the importance and strength 
of these chimpanzee-caregiver relationships. At the fundamental level, scholars of captive 
animal welfare make clear that the nature of interaction(s) (positive or negative) between 
human caregivers, guests, and captive animals have impacts on captive animal welfare 
(Kagan et al., 2015). In the limited literature regarding sanctuary settings, these cross-
species relationships are of increasing focus because of the continued interest to 
maximize captive animal welfare. 
In reflecting on forming the first chimpanzee sanctuary in Japan (Chimpanzee 
Sanctuary Uto), Morimura, Idani, and Matsuzawa (2011) describe the importance of 
chimpanzee-caregiver bonds during stressful events. The authors explain during drastic 
changes in operations, staffing, and construction while transforming a laboratory into a 
functional sanctuary, the presence of familiar human staff decreased the negative effects 
of these stressful events on the chimpanzees. Morimura et al. refer to the functionality of 
chimpanzee-human bonds as “scaffolding” for introductions of isolated (physically or 
socially) chimpanzees to new individuals or groups (2011, p. 229). Further, Chimpanzee 
Sanctuary Uto management often utilize human caregivers as the only social partners for 
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disabled or isolated chimpanzees; in these cases, humans serve as the chimpanzee’s entire 
social world (Morimura et al., 2011).  
 In detailed descriptions of the surplus chimpanzees plight to sanctuary, Hua and 
Ahuja (2013) provide multiple accounts of caregivers describing their strong 
relationships with the chimpanzees in their care. They characterize sanctuary settings as 
shared worlds between chimpanzees and humans, explaining this, fundamentally, 
through the biological, social behavioral, and cognitive likeness of chimpanzees and 
humans (2013). For example, these authors cite one caregiver describing her relationship 
with the chimpanzees as “deeply entangled” and that the chimpanzees are “really great 
friends of mine” (p. 628, 630). 
 In addition to showing the emotional connectedness of chimpanzees and 
caregivers, many studies have indicated that differing husbandry protocols between 
captive institutions can serve as facilitators of these relationships and improved welfare. 
Jensvold (2008) investigated differences in the frequency of chimpanzee interactions with 
caregivers using, or not using, chimpanzee-typical behavior. The use of species-typical 
behavior by caregivers has been shown to improve captive welfare and increase the 
strength of bonds between captive chimpanzees and human caregivers. Jensvold asserts 
that the knowledge and use of chimpanzee-typical behavior allows caregivers to build 
rapport with the chimpanzees and “insert themselves into the chimpanzees’ social 
network” (2008, p. 356). Much of Jensvold’s discussion originates from the husbandry 
protocol used at the Chimpanzee and Human Communications Institute (CHCI). The use 
of chimpanzee-typical behavior by caregivers at CHCI resulted in decreased incidents of 
chimpanzee-chimpanzee wounding and facilitated the humans’ position within the 
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chimpanzee social group. This position allows human caregivers to respond submissively 
to chimpanzees’ caregiver-directed aggression, and therefore humans occupy the lowest 
position in the dominance hierarchy (Hayashida et al., 2002 as cited in Jensvold, 2008). 
Jensvold argues that this position within the social system and hierarchy enabled the 
caregivers to convey stability of the social environment and provide a safe outlet for 
natural chimpanzee aggression because of the physical separation between humans and 
chimpanzees (2008). 
 The husbandry protocol of CSNW draws upon similar philosophies of those 
discussed by Jensvold (2008) at CHCI. Staff and volunteers at CSNW are trained to 
identify, describe, and respond to chimpanzee-typical behavior in appropriate ways. By 
using these chimpanzee-typical means of communication, staff and volunteers are able to 
respond in non-threatening manners to chimpanzee aggression and increase overall 
chimpanzee-caregiver understanding, while enabling the chimpanzees to exert additional 
choice and agency on their environments (an important factor for welfare) (J. Mulcahy, 
personal communication, April 11, 2017). According to Jensvold (2008), this use of 
species-typical behavior fundamentally imbeds human caregivers into the chimpanzees’ 
social network.  
To further this connectedness between species, CSNW staff and volunteers are 
instructed to ignore or respond submissively to chimpanzee threats and comply (within 
reason) to all needs of and requests by chimpanzees. Similarly, humans never behave in 
threatening or forceful manners toward the chimpanzees, nor is punishment ever 
administered for undesired behavior (e.g., throwing feces). Combined, these strategies 
land the caregivers at the bottom of the chimpanzee dominance hierarchy through 
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continued submission and compliance. Most chimpanzee meals at CSNW are hand-
served by caregivers to ensure that each chimpanzee receives adequate quantities and 
nutrients. During these serviced meals, humans often serve chimpanzees in order of most 
to least dominant. Meals are served this way to decrease the likelihood of aggression 
during these moments of close-proximity, high-density feedings. This protocol increases 
the chimpanzees’ sense of agency through making choices in the individual components 
of their meals and, therefore increases their welfare. However, previous chimpanzee-only 
dominance hierarchy analyses at CSNW resulted in ambiguous results with little between 
measure agreement (e.g., Jamie) and no reliability between individual rank analyses 
(Funkhouser et al., in prep). Therefore, it is unclear whether conventional dominance 
analyses actually position humans at this lowest level, or whether meals are actually 
being served in order of most to least dominant chimpanzee.  
Investigating “Dominance” 
The ambiguous dominance hierarchy observed in previous CSNW results call into 
question the reliability and ecological validity of the methods commonly used to measure 
and derive rank within chimpanzee dominance systems. Although chimpanzees are 
typically characterized as egalitarian (Sakamaki & Hayaki, 2015), many authors have 
attempted to classify captive and wild individuals in traditional linear ranks based on 
submissive behaviors (Hanamura, 2015; Muller, 2002; Newton-Fisher, 2004; Sakamaki 
& Hayaki, 2015) and attack-retreat/win-loss interactions (Paoli, Palagi, & Tarli, 2006; 
Stevens, Vervaecke, de Vries, & Van Elsacker, 2007), while Bygott (1974) advocated for 




Before exploring investigations of primate dominance hierarchy, it is important to 
address “dominance” as a concept. The concept of “dominance” in animal populations 
originates in Schejelderupp-Ebbe’s (1922) concept of “pecking-order” in farm-yard 
chickens. Here, dominance is operationalized as chicken A asymmetrically pecking B 
more than B pecks A, equating to A’s dominance over B (Schejelderupp-Ebbe, 1922). 
This simple idea of directional, and disproportional dyadic relationships equating to 
dominance has been the foundation of many dominance investigations to date. However, 
these definitions of “dominance” have taken a number of turns and permutations as 
investigators seek to classify and organize social systems in complex and dynamic 
species.  
The current literature references multiple definitions, uses, and computational 
methods to uncover dominance hierarchies (see a review in Drews, 1993). This 
variability has since elicited debate over the true concept of dominance (Bernstein, 1981). 
It is important to remember dominance is nothing more than a construct (as is 
temperament, cognition, or culture) used to describe and predict a complex network of 
relationships. It is the nature of these complex dyadic relationships that result in relative 
dominance ranks for each individual. Dominance ranks are typically calculated in an 
attempt to classify and describe complex systems in relatively simple ways, and to predict 
the outcome of future interactions between individuals (Drews, 1993). Reverting to the 
fundamental origins regarding the construct of dominance, Drews offers the following 
functional definition: 
Dominance is an attribute of the pattern of repeated, agonistic 
interactions between two individuals, characterized by a consistent 
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outcome in favour of the same dyad member and a default yielding 
response of its opponent rather than escalation. The status of the 
consistent winner is dominance and that of the loser is subordinate. (1993, 
p. 308) 
Drews’ definition operationally defines the process of measuring, categorizing, and 
ranking individuals that engage in dyadic agonistic competitions with a clearly defined 
winner and loser and eventual submissive exchange from the loser to the winner. The 
concept of measuring dominance and deriving rank based on an individual’s observed 
ability to asymmetrically “win” more interactions than one “loses” is a common theme in 
the literature across species and definitions. This win/loss paradigm is often coupled with 
an individual’s ability to obtain priority access to desired resources or observed 
possession or loss of possession of desired resources (Clutton-Brock et al., 1979). 
Dominance defined as access to resources may not depend on aggressive competitions for 
access to those resources, but rather unchallenged monopolization of such high-value 
resources.  
There are less commonly referenced definitions in dominance investigations that 
focus on interactions non-aggressive in nature. Wilson (1975) defines privileged role 
dominance as an animal’s position in a network that subjectively represents dominance as 
a privileged position with respect to other individuals. He illustrates this type of non-
aggressive dominance in bees, where food is transferred from forager bees to nurses, 
thereby representing privilege. This exemplifies the usefulness of patterns of affiliative 
behavior or highly desired resources to derive such patterns of privileged role dominance.  
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On the other end of the spectrum, Vessey (1981) argues for dominance defined 
through the lack of aggressiveness. This argument assumes individuals can predict the 
outcome of any given future aggressive conflict based on previous experience (e.g., 
displays) or encounters (e.g., fights) with any given individual and/or the individual 
recognizes features in its opponent that are indicative of superiority (e.g., body/canine 
size). This compiled knowledge and recognition results in flight when approached by 
“dominant” individuals or submission when receiving dominant threats.  
 Through this abbreviated discussion it becomes clear that there is a wide variety 
in definitions surrounding the concept of “dominance.” Unfortunately, these conceptual 
definitions are not easily translated into computational formulas and/or methods to derive 
and uncover dominance and dominance rank. Much of the methodology referenced in the 
literature strictly refers to placing individuals in linear rank order based on aggressive 
contexts (e.g., winning or losing). Because of confounds related to ecological validity, 
caution is often urged when interpreting such linearly ranked hierarchies; variability is 
often due to temporal and spatial variables, the nature of the behaviors collected, and 
analyses performed (Martin & Bateson, 2010; Whitehead, 2009). When measuring 
dyadic interactions where one individual observably “wins” or “dominates” another, 
there are multiple computational analyses represented in SOCPROG for deriving 
dominance rank for each individual within a population (Whitehead, 2009). Most 
commonly used, David’s scores derive a dominance index from count data for each 
individual so that those typically “dominating” have a large positive score, and those that 
are typically “dominated” have large negative scores (de Vries, Stevens, & Vervaecke, 
2006). Brown’s ranking method minimizes the proportion of dyadic interactions where 
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any lower ranking individual “wins” an interaction (Brown, 1975). The I & SI method 
minimizes the sum of rank differences between inconsistently ranked individuals (de 
Vries, 1998). To investigate the degree of linearity within this population’s derived 
dominance hierarchy (regardless of the ranking method), many conduct de Vries' (1995) 
test for linearity (h’).  
 Until recently, many of these analyses were utilized across species, settings, and 
behavioral measures without much question. Fushing, McAssey, Beisner, & McCowan 
(2011) began to question these methods’ ecological validity, and thus devised PERC in R 
(R Core Team, 2016) to investigate dominance relationships that may be nonlinear in 
nature. By inferring the rank potential for all individuals, minimizing errors, and 
computing confidence bounds for selected features, these authors propose a novel and 
complex ranking system. Thus far, dominance hierarchy analyses are dependent on 
matrix-based data with dyadic values representing the frequency of acting over receiving. 
Neumann et al. (2011) review the advantages of using a non-matrix based sequential 
analysis: Elo-ratings. Elo-ratings utilize observed agonistic outcomes to calculate 
individual probability of success against all other individuals in the future to create a 
temporal and sequential analysis of dominance rankings. In addition, Elo-rating analyses 
are also able to calculate a quantitative characterization of hierarchical stability based on 
a derived frequency of rank reversals. This is the first cited representative value of 
dominance stability.  
Recently, Douglas et al. (2017) developed ADAGIO (approach for dominance 
assessment in gregarious species) to analyze dominance without an underlying 
assumption of linearity and created a statistical package for testing both linear and 
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nonlinear systems (Preuschoft & van Schaik, 2000), including linear, triangular, 
pyramidal, or a system of classes. ADAGIO extracts directed acyclic graphs from a given 
set of dyadic interactions to derive dominance structures free of the underlying 
assumptions of the structure’s organization (Douglas et al., 2017). 
 A number of investigations have utilized any one, a combination, or manipulated 
variations of the previous methods to derive hierarchical dominance ranks for captive and 
wild primate populations. Wittig and Boesch (2003) evaluated female Taï chimpanzee 
dominance linearity through submissive pant-grunt interactions. This investigation 
uncovered linear dominance relationships between all females and found this linearity to 
correlate with an individual’s ability to outcompete contestants for food. This correlation 
demonstrates the ability to derive dominance rank through investigations of access to 
resources. Resources also play an important role in baboon social networks and 
dominance relationships. King, Clark, and Cowlishaw (2011) found wild desert baboons 
(Papio ursinus) co-feeding to correlate with grooming, therefore making feeding-in-
proximity a proxy for affiliative behavior, and dominant individuals (derived through 
approach-avoid and agonism) to be most central in feeding networks. Dominant 
individuals occupying central network positions were also found by Kanngiesser et al., 
(2011) in a captive chimpanzee grooming network, in which grooming eigenvector 
centrality was correlated with high dominance rank (derived through directional 
agonism).   
Other authors have found dominance to correlate with patterns of grooming. 
Foster et al. (2009) investigated relationships between submissive pant-grunt interactions 
and grooming rates/partners in the male chimpanzees of Gombe. The analyses found that 
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the most dominant individual’s rank was largely due to his asymmetrically large body 
mass index and competitive ability, and found other high-ranking individuals were 
groomed most and engaged in grooming reciprocally with other similarly ranked 
individuals to, hypothetically, build coalitionary support. This result demonstrates the 
possibility of predicting relative rank based on the directionality and exchange rates of 
grooming. The predictive value of grooming on dominance is further supported by 
Vervaecke, de Vries, and Van Elsacker (2000), with a captive group of bonobos. This 
team derived dominance through submissions and fleeing-upon-aggression and found 
that, higher-ranks correlated with longer durations of received grooming. Compiled, these 
studies demonstrate evidence for Seyfarth’s (1977) model of dominant individuals as 
“attractive” grooming partners on the basis of building support for future agonistic 
interactions. This model predicts that primates focus grooming towards higher ranking 
individuals or with those they share strong social bonds. Whether this model exists for 
reasons of coalitionary support, increased tolerance, or attempts at building social bonds 
has yet to be decided (Henzi & Barrett, 1999; Seyfarth, 1977; de Waal, 1992). Overall, it 
can be said dominant individuals are (1) groomed more frequently than other individuals 
(Foster et al., 2009; Vervaecke et al., 2000) and (2) groom somewhat reciprocally with 
their socially proximate partners (Seyfarth, 1997). Meanwhile, other individuals 
frequently groom (1) up the hierarchy (Seyfarth, 1997; Foster et al., 2009; Vervaecke et 
al., 2000), (2) with those adjacent in rank (Foster et al., 2009), and (3) with those they are 
well bonded with (Vervaecke et al., 2000).   
 Other investigations have correlated conventional dominance analyses with 
various other behavioral measures. These studies can be useful in predicting dominance 
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rank based on measures not typically associated with dominant attributes. In 
investigations of Taï chimpanzees, Hosaka and Nakamura (2015) found intimidation 
displays to be most commonly performed by chimpanzees (typically adolescent males) 
vying for dominance. The authors also found that these intimidation displays were 
targeted in attempt to get the attention of the rest of the group but were found to halt in 
the presence of the most dominant individual(s). This indicates that the most dominant 
individuals are not those displaying, but rather those interested in appearing dominant 
and socially adjacent to those of most dominant status. 
 Outside of behavioral measures, few investigations of dominance have involved 
biological correlates. Testosterone is most commonly associated with male sexual 
aggression but is also secreted by female ovaries in most vertebrate (namely, mammal) 
species (Reed et al., 2006). Testosterone has been shown to affect the neural network 
controlling aggression, excitability, and general agonistic tendencies (Delville, Mansour, 
& Ferris, 1996). Across mammals, testosterone correlates with increases in resource 
defense, testicular activity, and the breeding cycles of nearby females (Wingfield & 
Marler, 1988). In primates, the “challenge hypothesis” predicts that the level of 
testosterone increases during periods of increased aggression, female receptivity, 
seasonal mating periods, social instability, and the establishment of or challenges to 
territorial boundaries (Wingfield, Hegner, Dufty, & Ball, 1990). Evidence for this 
hypothesis has been demonstrated across multiple genera, namely Sapolsky (1983) found 
wild olive baboon (Papio anubis) testosterone to correlate with dominance rank during 
periods of instability, but not during periods of rank stability. However, in wild male 
chimpanzees at Ngogo, Muehlenbein, Watts, and Whitten (2004) found that fecal 
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testosterone levels directly correlated with dominance rank (derived through submissive 
and aggressive behavior) during periods of dominance stability, although these 
differences may be due to varying characterizations of rank “instability”, as only recently 
have methods emerged to objectively quantify this instability (e.g., Elo-rating). While 
testosterone levels in female chimpanzees have not been investigated, based on other 
mammalian investigations, it can be assumed that females have relatively low levels of 
testosterone (compared to males) but are more sensitive to changes in endocrine system 
secretion (Dabbs & Dabbs, 2000), especially as they reach menopause and hormone 
fluctuation decreases (as young at 30 years; Fritz, Videan, Heward, & Murphy, 2006). 
These patterns of testosterone-rank correlations demonstrate the ability to predict male 
dominance based on relative levels of testosterone, and females may demonstrate similar 
patterns but at different proportions.  
Current Investigation  
 In current investigation, I seek to better understand the relationships between 
chimpanzees and caregivers (see Chapter III) as well as the dominance hierarchy (see 
Chapter II and IV) within the chimpanzee group and the chimpanzee-caregiver society. I 
aim to derive these systems to best advise husbandry, facility, and welfare protocols at 
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Theoretical definitions of dominance, how dominance is structured and organized in 
nature and how dominance is measured have varied as investigators seek to classify and 
organize social systems in gregarious species. Given variability in behavioral measures 
and statistical methods used to derive dominance rankings, we propose a novel approach 
to dominance by using existing statistical techniques to analyze dominance ranks, 
context-dependent dominant structures, the reliability of statistical analyses, and rank 
predictability of dominance structures on other social behaviors. We investigated these 
topics using behavioral data from captive chimpanzees (Pan troglodytes) and wild 
Tibetan macaques (Macaca thibetana). We used a combination of all-occurrence, focal-
animal, and instantaneous scan sampling to collect social, agonistic, and associative data 
from both species. We analyzed our data to derive dominance ranks, test rank reliability, 
and assess cross-context predictability using various statistical analyses. Our results 
indicate context-dependent dominance and individual social roles in the captive 
chimpanzee group, one broadly defined dominance structure in the Tibetan macaque 
group, and high within-context analysis reliability but little cross-context predictability. 
Overall, we suggest this approach is preferable over investigations of dominance where 
only a few behavioral metrics and statistical analyses are utilized with little consideration 






The concept of social dominance has been adapted in models of animal behavior as a 
descriptive shorthand for the overall structure of complex social relationships, attributes 
of individuals, estimates of an individual’s power, or simply an individual’s success in 
agonistic competitions. While relatively few researchers agree on how dominance should 
be perceived1-4 or measured5-10, such structures have been found to correlate with patterns 
of kinship11, individual health12, reproductive success13, grooming received10,14-15, and 
priority access to valued resources16-18.  
A species’, population’s, or individual’s dominance style is defined by the degree 
of asymmetry in agonistic relationships at the dyadic level3. Dominance styles are often 
referred to on a scale of despotic (large dyadic asymmetries and severe aggression) to 
egalitarian (little to no dyadic asymmetries and unresolved aggression)19. This scale is 
related to a number of social and biological variables and is most formally recognized 
within the Macaca genus20. The amount of social power an individual might hold over 
other group members is relative to the dominance style of the group. In a despotic 
society, a dominant individual is likely to possess more social power over a larger 
number of individuals than in an egalitarian society19. Dominance rank and status are 
derived to approximate any given individual’s amount of social power within a social 
group. An individual’s dominance rank refers to the approximated position the individual 
falls in the group’s social organization; these ranks are typically expressed as ordinal 
numbers21. Meanwhile, dominance status refers to an individual’s descriptive attributes 
and relative relationships with other individuals (e.g., dominant or subordinate), and an 
individual’s status is often variable between dyadic comparisons21.  
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The concept of “dominance” in animal populations originates in Schjelderupp-
Ebbe’s22 example of a “pecking-order” in farmyard chickens. Here, dominance is 
operationalized as chicken A asymmetrically pecks B more than B pecks A, equating to 
A’s dominance over B22. This simple idea of directional and disproportional dyadic 
relationships (or dominance) has been foundational in many dominance investigations to 
date. 
In regard to nonhuman primates, dominance is a predictive factor or common 
denominator across certain categories of behaviors21,23. However, how dominance is 
structured and measured (as opposed to how dominance functions) has varied as 
investigators seek to classify and organize the social systems of gregarious species (such 
as nonhuman primates). Multiple authors have argued that the applications of dominance 
are plagued by a lack of operational definitions, the use of multiple and various statistical 
analyses, ambiguous interpretations, and arbitrary meanings2,6,21,24. This variability has 
elicited debate over the true construct of dominance2. Dominance, as with many other 
constructs, is a lens used to describe and predict a complex network of relationships. It is 
the occurrence of asymmetric dyadic relationships that result in relative dominance 
statuses for each individual of a group or population. The difference in the dominance 
status of two individuals is one possible type of relationship that two individuals may 
share21,25. Ordinal dominance ranks depend on the behavioral context, and many studies 
have derived different rank orders for the same group across different measured 
behaviors8,10,26,27,28. Uncovering a group’s social hierarchy is most useful to predict the 
outcome of future interactions across multiple types of social relationships (i.e., not just 
the outcome of future agonistic competition). Therefore, the most appropriate 
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categorization of a group’s dominance structure has high predictive value across other 
patterns of social behaviors4,10,21. 
Dominance ranks are typically calculated in an attempt to classify, describe, and 
predict complex social systems in a relatively simple way (e.g., ordered ranks21,29). 
Returning to the fundamental origins of dominance, Drews21 operationally defines the 
process of measuring, categorizing, and ranking individuals that engage in dyadic 
agonistic competitions with a clearly defined “winner” and eventual submissive exchange 
from the “loser” to the winner. The concept of measuring dominance and deriving rank 
based on an individual’s observed ability to asymmetrically “win” more agonistic 
competitions (i.e., fights) than one “loses” is common in the nonhuman primate 
literature14,17,30-34. 
Similarly, Vessey35 argues for dominance defined through the lack of 
aggressiveness. This context assumes individuals can predict the outcome of any given 
future aggressive conflict with another individual based on previous experience (e.g., 
displays) or encounters (e.g., fights). An individual might also recognize features in the 
opponent that are indicative of superiority or dominance (e.g., body/canine size)35. This 
compiled knowledge and recognition results in fleeing-upon-approach by a less dominant 
individual or submission/yielding when receiving threats from a more dominant 
individual. This dominance context has also been called “formal dominance” because 
dominant relationships may be readily accepted between individuals (as opposed to 
agonistically challenged). Therefore, conflict may be minimal and the act of submission 
by a subordinate formalizes the recipient’s dominant status3. The use of submissive, flee-
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upon-approach, or displacement behaviors to assess dominance is also commonly used in 
non-human primate investigations14,18,36-39. 
The winning/losing or dominant/subordinate paradigm is coupled with an 
individual’s ability to obtain priority access to desired resources40. This method is not 
used to define dominance but is discussed as an attribute of an individual’s dominant 
position21. Dominance defined as access to resources does not always depend on 
observing aggressive competitions for immediate access to a resource (e.g., mates, food), 
but rather is a relatively unchallenged monopolization of a resource that others might be 
interested in or already possess. This dominance context has otherwise been categorized 
as “competitive ability,” where an individual’s success in obtaining resources (without 
directly winning an agonistic competition) is linked to their higher status. This type of 
dominance is cited in a limited number of investigations10,40-41. 
There are also dominance definitions that focus on interactions and behaviors 
completely non-aggressive in nature. Wilson42 defines privileged role dominance as an 
animal’s privileged position in a network that represents dominance relative to other 
individuals. He illustrates this type of non-aggressive dominance in bees, where food is 
transferred from forager bees to nurses, thereby representing privilege. This exemplifies 
the usefulness of patterns of affiliative behavior or flow of highly desired commodities to 
derive such patterns of privileged role dominance. While this method is not as cited as 
those that refer to aggressiveness, similar measures have been used to derive dominance 
structures43-45. 
Unfortunately, these various behavioral contexts for investigating dominance are 
not easily translated into computational methods to derive behavioral trends and 
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individual dominance ranks. The recent literature references a disoriented variety of 
behavioral metrics, uses, and methods to uncover dominance structures6-7,10. Arguably, 
the field has diluted the resolution and restricted the complexity of nonhuman primate 
social systems to infer simple linear classifications with little predictive power6. Until 
recently, dominance was mainly investigated using David’s scores46, I & SI method46, 
and h’ tests for linearity48. These analyses depend on conventional matrix-based dyadic 
values that represent the frequency of winning over losing agonistic competitions and are 
largely unable to detect rank reversals or fluctuations over time. However, a few 
statistical analyses do provide methods to analyze dominance without underlying 
structural assumptions (ADAGIO6 and PERC31) or that are not matrix-based (ELO24). 
These analyses are reviewed in Methods (below).  
Because of the large variation in social organization across the primate order49, 
the behavioral measures used to investigate dominance across any context should not be 
generalized between species, rather within species or taxa. To define these behavioral 
measures in our investigation of captive chimpanzees (Pan troglodytes) and free-ranging 
Tibetan macaques (Macaca thibetana), we drew from natural history and social 
organization evidence and systems or relationships that shape the dominance structures of 
these two species. Table 1 outlines the dominance context definitions we used for this 
investigation.  
Wild chimpanzees inhabit wide ranges across equatorial Africa and thrive in large 
multi-male/multi-female fission-fusion societies of 22 to over 140 individuals. To ensure 
access to adequate resources, individuals within these large communities must navigate 
dynamic dominance hierarchies and complicated social structures50-51. Male chimpanzees 
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typically adhere to strict, linear hierarchies as part of frequent competition in accessing 
estrous females and other valuable resources52. All males are often dominant over all 
females, and therefore, most non-competitive male aggression is female-focused53-54. 
Female rank is correlated with priority access to preferred food resources, reproductive 
success, and infant survival16,55. During, or immediately following, aggressive 
encounters, chimpanzees seek or offer reassurances by/from those with whom they share 
strong social bonds50. Following agonistic encounters, two or more combatants may 
reconcile with affiliative behaviors to rebuild social bonds, mend relationships, and 
decrease the probability of future aggression54. Although this is generally true of wild 
chimpanzee relations, some authors have observed female chimpanzees form stable 
relationships, share food, and form coalitions to counter male aggression in both captive 
and wild groups18,56. Captive chimpanzees have been observed to engage in aggression 
much less frequently than their wild counterparts, possibly as a strategy to limit stress or 
as a byproduct of increased tolerance in the confines of captivity57-60. 
Dominant chimpanzees occupy central positions in grooming networks; specifically, 
Kanngiesser, Sueur, Riedl, Grossmann, and Call61 found that grooming eigenvector 
centrality was correlated with high dominance rank (derived through directional 
agonism). Relationships have been discovered between various types of dominance 
interactions and grooming rates/partners in wild and captive chimpanzees and 
bonobos10,14. In general, grooming across many nonhuman primate species, especially 
chimpanzees, is considered a keystone metric for social bonds62-65, status14,66, and even a 
commodity32,67. Seyfarth15 posits that dominant individuals are “attractive” grooming 
partners on the basis of building support for future agonistic interactions. Our model 
 32 
 
predicts that primates focus grooming towards higher ranking individuals or with those 
they share strong social bonds.  
Overall, it becomes clear that chimpanzees have a complex dominance structure 
that can be agonistically challenged17,54,56, conveyed through submissive behaviors14,18, 
exploited for access to resources52, and predicted through directional 
allogrooming14,15,63,68. 
Tibetan macaques (Macaca thibetana) live in multi-male, multi-female groups of 
15-50 individuals, and it is not unusual for the sex ratios of these groups to favor 
females20,30. As is common across many macaque species, Tibetan macaque males 
typically disperse as they reach sexual maturity (> 8 years) but can continue to transfer 
between groups throughout their lifespan20,69. Adult males are commonly thought to be 
the highest-ranking individuals, although females have been found to outrank some 
males30. The social organization of Tibetan macaques is a strictly linear dominance style 
and strong kin biases and coalitions30. The dominance rank of females is considered 
matrilineal; females have been found to attain the rank below their mother but above their 
older siblings30,69,70. Thierry et al.20 found Tibetan macaques best resembled a grade-three 
species on the Macaque Dominance Style Grade Scale. However, the species was later 
elevated to a grade-two despotic species30. These authors constructed dominance 
hierarchies using directional submissive interactions and found that agonism occurred at 
rates similar to despotic macaque species, but conciliatory tendencies were lower 
(especially between female dyads) 30. 
Tibetan macaques groom at symmetric rates (exchange grooming for grooming 
received), prefer female kin grooming partners, and females prefer to groom higher-
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ranking females (even if unrelated)71. Xia et al.72  also found positive correlations 
between dyadic tolerance and the frequency/duration of lower-ranking males grooming 
higher-ranking males. These investigations illuminate the generally despotic nature of 
Tibetan macaque social organization20,30, bias for female kin across a number of social 
contexts (namely, coalitionary support, grooming, and infant handling30), and the overall 
value of grooming in this species71-72. 
A number of studies have utilized any one, a combination, or manipulated 
variations of these behavioral contexts and statistical methods to derive hierarchical 
dominance ranks for captive and wild nonhuman primate populations. With current and 
past variability in the behavioral measures and statistical methods used to derive 
dominance, we propose a novel approach to using the existing statistical techniques to 
analyze dominance ranks, context-dependent dominance, and the reliability of statistical 
analyses. Specifically, we investigated the following questions: Is there an approach that 
combines various behavioral measures and statistical techniques to generate the most 
appropriate depiction of any given nonhuman primate dominance structure? Do different 
statistical analyses using the same behavioral data yield similar individual dominance 
ranks? Do the same statistical analyses using different behavioral data yield similar 
individual dominance ranks? We examine these questions in an investigation of captive 
chimpanzees (Pan troglodytes) and validate our approach with archival data from wild 
Tibetan macaques (Macaca thibetana). Because various methodological and statistical 
techniques used to derive rank are used across the nonhuman primate literature 
(regardless of taxa, social organization, group composition, group size, wild or captive 
settings, etc.), we found it necessary to explore the utility of our approach with data sets 
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that reflect such diversity to some degree. Specifically, we examine dominance 
hierarchies using a number of behavioral contexts (e.g., agonistic competitions, lack of 
agonism, privileged role, and priority access to resources) and statistical techniques (DS, 
I&SI, ELO, ADAGIO, and PERC). We investigated the reliability of these derived ranks 
within each dominance context (across statistical tests) and across dominance contexts 
using individual median rank calculations and Spearman’s rho correlation coefficients in 
SPSS73. We also investigated the cross-context predictability of these derived hierarchies 
on the social networks of other social measures (affiliative, grooming, and nearest-




During all-occurrence sampling at CSNW with the captive chimpanzee group, J.A.F. 
recorded a total of 2294 agonistic events, 1263 affiliative events, and 62 changes in 
access. J.A.F. also collected 517 instantaneous scan samples (at 20:33  49:57 minutes 
apart) where all individuals were recorded to have 0.9  0.6 nearest neighbors per scan 
(roughly 1  1 nearest neighbors). During all-occurrence sampling at Mt. Huangshan with 
the wild adult Tibetan macaque group, L.K.S. recorded 414 agonistic events, and J.A.M. 
recorded 646 grooming bouts during focal-follows. Interaction matrixes for all contexts 
are reported in Appendix A (Tables A1 – A6). 
 Because we used a large number of statistical analyses in this investigation, we 




























































































































































h’ = 0.50 
P = 0.256 
 
Stab = 0.92 
Null = 0 












h’ = 0.93* 
P < 0.01 
 
Stab = 0.98 
Null = 0 












h’ = 0.93* 
P < 0.01 
 
Stab = 0.98 
Null = 0 













h’ = 0.75* 
P = 0.04 
 
Stab = 0.91 
Null = 0 





























































































































































h’ = 0.34* 
P < 0.001 
Stab = 0.99 












h’ = 0.10 
P = 0.06 
Stab = 0.99 










Table 3. Summary of methods and results. Notably, in the chimpanzee group, dominance 
interactions were only significantly linear (h’ > 0.90, P < 0.05) for lack of agonism and privileged 
role contexts. These same contexts had the highest rank stability (stab > 0.98). In the Tibetan 
macaque group, neither dominance context was considered linear: although this test was 
statistically significant (P < 0.01), neither h’ value exceeded 0.90 (specifically, h’ < 0.35). 
However, interactions in both contexts were found to be highly stable (stab > 0.99). Section 
marks (§) denote statistically significant correlations (P < 0.05) between median dominance rank 
for each context within species. Asterisks (*) denote statistically significant results (P < 0.05) for 
tests of linearity. Circumflexes (ˆ) denote statistically significant correlations (P < 0.05) between 
ranking statistics within dominance contexts. Diamonds (◊) denote statistically significant 
correlations (P < 0.05) between median dominance context ranks and other behavioral contexts. 









DS I & SI ELO ADAGIO PERC 
Jamie 1 1 1 3 1 1 
Foxie 2 4 2 1 2 2 
Burrito 3 2 4 2 3 3 
Missy 4 3 4 4 2 5 
Negra 4 5 4 6 4 4 
Jody 6 6 6 7 4 6 








DS I & SI ELO ADAGIO PERC 
Burrito 1 1 1 1 1 1 
Jamie 2 2 2 2 2 2 
Negra 3 3 3 3 3 3 
Jody 4 4 4 4 4 4 
Foxie 6 5 6 6 6 5 
Missy 6 6 6 5 5 6 
Annie 7 7 6 7 6 7 





DS I & SI ELO ADAGIO PERC 
Negra 1 1 1 1 1 1 
Foxie 2 2 2 3 2 2 
Jody 3 3 3 2 3 3 
Jamie 4 4 4 4 4 4 
Burrito 5 5 7 5 5 5 
Missy 6 6 5 6 6 6 
Annie 7 7 6 7 7 7 
  * * * * * 




DS I & SI ELO ADAGIO PERC 
Jamie 1 1 1 1 1 1 
Negra 2 2 2 4 2 4 
Foxie 3 4 3 5 3 2 
Burrito 3 3 5 3 5 3 
Jody 4 5 4 2 4 6 
Missy 6 6 6 6 6 5 
Annie 7 7 7 7 7 7 
  * *  * * 
Table 4. Detailed rank results for all captive chimpanzees across all statistical tests 
(DS, I&SI, Elo, ADAGIO, PERC, and median rank) within each dominance context 
(agonistic competition, lack of agonism, privileged role, access to resources). 





















TG 2 1 2 2 6 1 TG 1 1 1 1 6 1 
YRB 2 2 1 1 5 2 YRB 2 3 2 2 4 2 
GS 3 3 3 2 7 8 GS 3 4 3 3 7 3 
BT 4 4 4 3 8 3 YH 4 5 4 3 10 4 
TR 5 7 6 5 4 4 YXX 4.5 2 5 4 11 6 
TXH 5 5 5 6 1 6 BT 5.5 7 6 4 9 5 
YCY 6 6 7.5 3 9 5 TR 6.5 8 8 6 1 7 
TRY 7 8 7.5 5 3 7 YCY 6.5 6 7 6 8 14 
TRG 9 12 13 7 2 9 TRG 8.5 12 13.5 6 3 11 
HH 10 10 12.5 6 16 10 HH 9 9 11 6 16 9 
YH 10.5 14 10.5 4 10 17 ZB 9 16 10 6 13 8 
YXX 11 9 11.5 5 11 13 TXH 10 15 16 5 5 16 
ZB 11 11 9 5 13 12 HM 10.25 11 10.5 6 21 10 
TXX 14 13 14.5 7 14 19 TH 11.5 10 15 5 18 13 
YM 14 15 16.5 8 12 14 TRY 11.5 17 17 6 2 20 
DS 15.5 16 15.5 6 15 18 YM 12 13 12 5 12 12 
HM 17 17 18.5 7 21 16 HT 13 14 12 6 17 15 
HT 17 19 20 7 17 11 DS 16 18 20 7 15 17 
TH 18 20 17.5 7 18 20 TXX 16 19 19 5 14 18 
YRQ 18 18 15 8 20 22 YRQ 19.5 20 21 7 20 19 
HXM 19 23 23 8 19 15 HXM 20 21 22 7 19 21 
YZ 21 21 21 8 24 23 THY 20 22 18 7 22 23 
THY 22 24 24 8 22 21 TT 22.5 24 24 7 23 22 
TT 22 22 22 8 23 24 YZ 23 23 23 7 24 24 
  * * * * *   * * * * * 
Table 5. Detailed rank results for adult Tibetan macaques across all ranking procedures (DS, I&SI, Elo, ADAGIO, PERC, 
and median rank) within both dominance contexts (agonistic competitions and lack of agonism). Asterisks (*) denote significant 




















R P R P R P R P R P R P 
DS I&SI 0.815 0.02* 0.964 <0.01* 0.893 <0.01* 0.893 <0.01* 0.975 <0.01* 0.947 <0.01* 
DS Elo 0.631 0.13 0.964 <0.01* 0.750 0.06 0.964 <0.01* 0.88 <0.01* 0.920 <0.01* 
DS ADAGIO 0.873 0.01* 0.937 <0.01* 0.893 <0.01* 1.00 <0.01* 0.884 <0.01* 0.826 <0.01* 
DS PERC 0.821 0.02* 1.00 <0.01* 0.821 0.02* 1.00 <0.01* 0.846 <0.01* 0.619 <0.01* 
I&SI Elo 0.667 0.10 0.964 <0.01* 0.714 0.09 0.857 0.14 0.833 <0.01* 0.943 <0.01* 
I&SI ADAGIO 0.906 <0.01* 0.972 <0.01* 1.00 <0.01* 0.893 <0.01* 0.904 <0.01* 0.812 <0.01* 
I&SI PERC 0.064 <0.01* 0.964 <0.01* 0.750 0.05* 0.893 <0.01* 0.846 <0.01* 0.603 <0.01* 
Elo ADAGIO 0.655 0.11 0.991 <0.01* 0.714 0.09 0.964 <0.01* 0.782 <0.01* 0.818 <0.01* 
Elo PERC 0.714 0.07* 0.964 <0.01* 0.535 0.24 0.964 <0.01* 0.834 <0.01* 0.585 <0.01* 
ADAGIO PERC 0.818 0.02* 0.937 <0.01* 0.750 0.05* 1.00 <0.01* 0.71 <0.01* 0.599 <0.01* 
Table 6. Detailed Spearman’s rank correlation coefficient results for pair-wise rank order comparisons across rank analyses 
but within dominance contexts for both the captive chimpanzee and wild Tibetan macaque groups. Notably, many of the pair-
wise comparisons between ranking methods were significant (P < 0.05); all derived ranks for the Tibetan macaque group were 
significantly correlated, while most ranks for the chimpanzee group were significantly correlated (most: lack of agonism; least: 
agonistic competitions). Generally, these results indicate that there is high reliability between dominance ranking statistics when 
compared within dominance contexts. “R” indicates the correlation coefficient, “P” indicates the corresponding P-value. Asterisks (*) 
denote statistically significant (P < 0.05) correlations. 
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Lack of Agonism 0.555 0.20 
Agonistic 
Competition 
Access to Resources 0.763 0.05 
Agonistic 
Competition 
Privileged Role 0.342 0.45 
Lack of Agonism Access to Resources 0.766 0.04* 
Lack of Agonism Privileged Role 0.324 0.48 





Lack of Agonism 0.877 
<0.01
* 
Table 7. Detailed Spearman’s rank correlation coefficient results for comparisons 
between median ranks for each dominance context against other dominance contexts 
for both species (e.g., median agonistic competition ranks vs. median lack of 
agonism ranks). Notably, for chimpanzee median ranks only lack of agonism and access 
to resources ranks were significantly correlated (R = 0.766, P = 0.04). For Tibetan 
macaques, agonistic competition and lack of agonism ranks were significantly correlated 
(R = 0.877, P < 0.01). Of these seven pair-wise comparisons, only two were statistically 
significant, and the lack of correlations indicates that there is low reliability between the 
four dominance contexts for chimpanzees, but high reliability between the two Tibetan 
macaque dominance contexts. “R” indicates the correlation coefficient, “P” indicates the 












R P     R2 
Agonistic 
Competitions 
All Agonism -0.195 0.24    
Affiliation 0.136 0.10    
Nearest 
Neighbor 
0 0.38    
Lack of 
Agonism 
All Agonism -0.444 0.02* -0.036 0.860 0.197 
Affiliation 0.12 0.10    
Nearest 
Neighbor 
0 0.38    
Access to 
Resources 
All Agonism -0.187 0.26    
Affiliation 0.186 0.01* 0.012 -0.620 0.033 
Nearest 
Neighbor 
0 0.43    
Privileged Role 
All Agonism 0.102 0.38    
Affiliation 0.185 <0.01* 0.011 -0.639 0.034 
Nearest 
Neighbor 
0 0.44    
Wild Tibetan Macaques 
Agonistic 
Competition 
Grooming -0.018 0.43    
Kinship 0.221 0.12    
Lack of 
Agonism 
Grooming 0.111 0.14    
Kinship 0.427 <0.01* 0.262 -19.091 0.204 
Table 8. Detailed MR-QAP correlation and regression results for differences in 
median dominance ranks (between dyads) for each dominance context against other 
social behaviors (chimpanzees: all directional affiliation, all directional agonism, 
nearest neighbor associations; Tibetan macaques: directional grooming and 
maternal kinship relatedness). MR-QAP regression analyses were only calculated for 
context correlations that were found to be statistically significant (P < 0.05). Most 
interestingly, only three of the twelve pair-wise comparisons resulted in significant 
correlations for the chimpanzee group: lack of agonism/all agonism (R = -0.444, P = 
0.02; Y = -0.036X + 0.86; R2 = 19.7%), access to resources/affiliation (R = 0.186, P = 
0.01; Y = 0.012X – 0.62; R2 = 3.3%), and privileged role/affiliation (R = 0.185, P < 0.01; 
Y = 0.011X – 0.639; R2 = 3.4%). For the Tibetan macaque data, only lack of agonism 
correlated with maternal relatedness (R = 0.427, P < 0.01; Y = 0.262X – 19.09; R2 = 
20.4%). “R” indicates the regression correlation coefficient, “P” indicates the 
corresponding P-value, “” indicates the beta value (slope of regression equation), “” 
indicates the alpha value (y-intercept of regression equation). Asterisks (*) denote 




Supplemental Figures A1 – A18 (see Appendix A) provide graphic outputs that diagram 
interactions from ADAGIO and Elo-rating procedures and dominance certainty heat-
maps from PERC procedures.  
 
Discussion 
In this investigation, we aimed to (1) explore the use of a new approach to the statistical 
analyses of dominance hierarchies with captive chimpanzee and validate such an 
approach with Tibetan macaque data, (2) test the reliability of ranking orders within and 
across dominance contexts, and (3) test the cross-context predictability of these derived 
dominance structures on other social behaviors. We acknowledge that this new approach 
is time-consuming and requires many different types of behavioral data but is effective at 
providing a holistic lens for depicting dominance relationships in nonhuman primate 
groups. Our statistical analyses revealed that many derived ranking orders correlated 
between ranking statistics within dominance contexts (high rank-order reliability), 
however, few median rank orders correlated between dominance contexts or across social 
networks (context-dependent predictability). Because of the lack of reliability or 
predictability between dominance statistics and derived ranks of either species, these 
results indicate that careful consideration is imperative when collecting dominance 
interaction data, choosing ranking procedures, and interpreting dominance results. Our 
conclusions support other theoretical and applied investigations of dominance and 
illuminate the need for further investigations of context-dependent dominance while 




This research contributes to conversations of context-dependent dominance in 
nonhuman primate societies. Our analyses of chimpanzee dominance in this investigation 
derived four independent rank orders indicating little cross-context dominance rank 
reliability. Similar results of context-dependent dominance have been found by Noė et 
al.27 with captive chimpanzees, Vervaecke et al.10 with captive bonobos, and others 
(Saimiri sciureus1, Macaca mulatta75, Lemur catta, Eulmer rufus-collaris hybrid8, 
Propithecus verreaxi4,8). Analyzing dominance hierarchies using different behavioral 
measures is useful to differentiate individual social roles and holistically depict the 
specific nature of dyadic relationships. For example, in the captive chimpanzee group at 
CSNW it becomes clear that Jamie engages in a relatively large number of asymmetric 
agonistic interactions (agonistic competition dominance), and she obtains priority access 
to desired resources (priority access dominance). Similarly, all individuals submit or 
yield to Burrito’s aggression in a formalized fashion (lack of agonism dominance). 
However, neither Jamie nor Burrito holds a privileged role in the group, as Negra 
receives a large amount of asymmetric grooming (privileged role dominance). 
Previously, we investigated the social relationships within this captive chimpanzee group 
and were unable to generate such detailed descriptions of individual roles because of their 
simplified investigation of dominance57. 
The lack of significant dominance linearity in agonistic competition ranks in the 
chimpanzee group is interesting considering that Noė et al. 27 argues that the most useful 
dominance ranks are linear, steep, and consistent in describing the interactions between 
individuals. With these criteria, it is unclear if agonistic competition dominance has 
relevance in the captive chimpanzee populations. Further evidence supporting this notion 
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is the lack of correlation between agonistic competition and any other social behavior. 
Funkhouser, Mayhew, and Mulcahy57 attributed Jamie’s dominant position to her 
aggressive tendencies and temperament rather than a mutually agreed upon (or formal) 
dominant position (evident through her isolated position in affiliative networks). The 
current evidence supports this claim as Burrito and Negra were found to be dominant in 
contexts that better depict formal, perceived, or respected dominant positions 
accompanied by greater social power19,27,75,76. These claims further discount the likely 
impact of our derived agonistic competition dominance on the social relationships and 
underlying structure of the CSNW chimpanzee group. The nuances between our 
dominance rank results provides a more holistic description of this group’s overall 
dominance structure than would have been possible with only one lens of dominance 
(e.g., agonism57).  
 Our derived dominance structures for the chimpanzee group did not broadly 
correlate with other social behaviors. The negative correlations between lack of agonism 
dominance and all agonism is most likely due to natural patterns of behaviors: those that 
emit a lot of aggression (e.g., Jamie & Burrito) are not submitting or yielding to others’ 
aggression10,27. Similarly, the correlation between differences in privileged role rank and 
affiliation can be largely attributed to the nature of social bonds: the directionality of 
grooming corresponds with the occurrence of other affiliative behaviors64,76. The 
significant correlation between access to resource dominance and affiliation corresponds 
with other evidence that suggests ties between patterns of affiliation, reconciliation, 
coalitionary support, and competitive ability14,18,61,77. This correlation coupled with the 
results of other authors might imply that the chimpanzees are using affiliation in non-
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aggressive contexts to mediate their close interactions immediately prior to obtaining 
access to priority resources.  
 The relaxed dominance style, complex social system, and behavioral flexibility of 
chimpanzees might allow for such individualized dominant roles and the ecological 
validity of context-dependent dominance in a captive setting. Further, the nature of static 
group membership (high familiarity and implied stability) and captive constraints (high 
spatial density) might further enforce these flexible and context-dependent structures in 
sanctuary-living chimpanzees. Funkhouser, Mayhew, and Mulcahy57 and Nieuwenhuijsen 
and de Waal59 noted that collecting substantial amounts of agonistic interactions in 
captive chimpanzees is challenging. Vervaecke et al.10 describe the benefit of context-
dependent dominance investigations in situations where agonism is infrequent. We posit 
that utilizing all-occurrence sampling methods in captive settings increases the 
opportunity for observing such behaviors in investigations of dominance. 
 In validating this approach, the Tibetan macaque dominance analyses revealed 
high reliability between dominance contexts; however, only differences in lack of 
agonism ranks correlated with maternal relatedness. These results indicate that our 
investigations yield one, broadly defined hierarchy that is not context-dependent. This 
result largely corresponds with research by Berman, Ionica, and Li30 defining Tibetan 
macaques as a grade 2 (despotic) species. The moderate asymmetric patterns of 
aggression, low conciliatory tendencies, and little tolerance around resources presumes 
that many aspects of social interactions are highly moderated by a universally accepted 
individual dominance status20,70. Because of these trends, we believe our results 
indicating a broadly defined and universal hierarchy in this group fits well with the 
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expectations of Tibetan macaque dominance style20,70.However, we collected far less 
agonistic data on the Tibetan macaque group than the chimpanzee group; it is also 
possible that the percent of dyads that were not observed to interact (≈ 60% unknown 
relationships) impacted these results by increasing their similarity7. In any case, our novel 
approach of calculating individual median ranks across different ranking procedures 
minimizes the error and takes conservative interpretations of dominance with minimal 
data.  
 The large proportion of unknown relationships between dyads might have also 
contributed to our results of few cross-context correlations between dominance and other 
social behaviors in the Tibetan macaque group. Our results only indicate a significant 
correlation between the difference in a lack of agonism status and maternal relatedness 
(kinship) of this group (i.e., small differences in rank correlated with increased 
relatedness). The dominance rank of Tibetan macaques (specifically females) is 
maternally inherited, thereby creating a society that is largely female-kin biased20,69,70. 
While our results support this at the level of lack of agonism dominance, this was not 
supported in the agonistic competition data. Further, Xia et al.71,72 demonstrated a 
tendency for Tibetan macaque males and females to most frequently groom up the 
hierarchy and with those of adjacent rank; however, we found no evidence to support this 
claim across either lack of agonism or agonistic competition ranks. Again, this could be 
due to a lack of dominance-related data and the proportions of unknown relationships as 
well as possible differences in dominance rank analyses.  
 The marked direction of the difference in linearity or steepness (h’) of the 
chimpanzee (>0.90) and Tibetan macaque groups (<0.35) is not intuitive given the 
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differences in dominance style between chimpanzees (relaxed/egalitarian, less steep) and 
Tibetan macaques (grade-two despotic, steeper). However, linearity scores are largely 
inconsistent and significantly reduced in matrixes with >50% unknown relationships7,78-
80; therefore, we attributed this inconsistency in linearity scores of the Tibetan macaques 
to the large proportion of unknown relationships (null dyads) in matrixes (Appendix A). 
Such investigations of unknown relationships on Elo-rating’s stability metric are 
unknown; however, the temporal interactions diagrams from the Elo-ratings for the 
Tibetan macaque group (Figures A13-A14) show few (if any) rank reversals across this 
limited study period and provide evidence to discount the linearity scores and support the 
high calculations of the Elo-rating procedure’s stability value (0.99, Table 3). Therefore, 
we consider the Elo-rating stability metric most appropriate to depict the high consistency 
of dominance interactions in the Tibetan macaque group. However, it is also possible that 
the large disparity in the amount of data collected and number of individuals observed 
between the two populations account for unlikely comparisons. While this disparity is not 
preferred, many primatological investigations use all-occurrence sampling of dominance 
interactions to derive ranks as performed here. We suggest that comparable, yet species-
specific, data collection methods and statistical analyses between authors and 
investigations are necessary to maximize the collection of dominance interactions and 
generate commensurate results.  
 Drews21 proposes that (1) the functional appeal of calculating dominance 
hierarchies is to predict future interactions between individuals across multiple measures 
of sociality, and (2) that this predictive value is one of the only ecologically valid reasons 
to use dominance analyses. However, few of our derived ranks across dominance 
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contexts correlated with patterns of other social behaviors in either the chimpanzee or 
Tibetan macaque group. Regardless, our results allow for continued discussion of the 
basis of dominance, both structurally and functionally. Flack and de Waal19 posit that 
social power and dominance status are best measured through formal signals of 
subordination; our results generally support this claim. Across both species, dominance 
contexts that better represent formal, perceived, or agreed-upon dominance status (i.e., 
lack of agonism, privileged role, and access to resources) resulted in greater cross-context 
predictability than ranking structures that were derived from agonistic competitions and 
aggressiveness (Tables 3, 7-8). Specifically, submissions and fleeing/yielding upon 
aggression constituted lack of agonism dominance in both chimpanzee and Tibetan 
macaque groups, directional grooming by the chimpanzees constituted privileged role 
dominance, and order when entering newly accessible enclosure spaces with food 
resources constituted access to resources dominance. These three measures represent 
metrics that are largely comprised of formal signals of subordination (or independently 
unchallenged orderings) and were found to correlate (at differing degrees) with networks 
of other social behaviors. Therefore, we suggest that future investigations of dominance 
in nonhuman primates should shift emphasis from purely agonistic interactions to 
multiple behavioral contexts that can lend to larger conversations of individual roles, 
structural attributes, differences in status and trends of signaling formal subordination. 
Before exploring the effect of dominance on other systems (e.g., biological, behavioral, 
or reproductive), we suggest future investigations (1) construct hierarchies from various 
species-relevant contexts and (2) validate their model(s) to justify its appropriateness. 
While our results found high within-context ranking reliability, this does not indicate that 
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such an exhaustive list is necessary in other investigations. However, the non-linear 
assumptions of ADAGIO and predictive probabilities of Elo-rating make them favorable 
approaches by these authors. In this investigation, we propose a sequence of analyses to 
validate such models across contexts and analyses that could be implemented by other 
investigators.  
 Our approach to juxtapose dominance rank analyses and derive various context-
dependent dominance structures contributes to larger conversations on dominance style, 
correlates with other behavioral methods, methodological considerations, and statistical 
inconsistencies. With current and past variability in behavioral measures of dominance 
and statistical methods to derive dominance rankings, it is imperative to test 
methodologies and novel configurations of computational analyses against ecological 
validity and theoretical soundness. We were able to cross-check such analyses by using 
data from two primate species, in four different dominance contexts, analyzed with five 
different dominance ranking statistics, and compared across five other social networks. 
These results do not just speak to the structures of dominance and their social correlates 
in these two primate groups but also contribute to broader considerations of how to 
define, measure, test, and validate dominance as a construct. Specifically, our results 
indicate the presence of context-dependent dominance and individual social roles in the 
captive chimpanzee group, one broadly defined dominance structure in the Tibetan 
macaque group, high within-rank reliability, but little cross-context predictability, as well 
as supported notions of formalized signals of subordination as the most insightful 
measures of dominance and unknown relationships (null dyads) having notable impact on 
these analyses. Overall, we suggest this approach is preferred over more narrowly defined 
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investigations of dominance where one or few behavioral metrics and statistical analyses 




Study Sites and Individuals 
Captive chimpanzees 
J.A.F observed one group of captive chimpanzees (Pan troglodytes) at Chimpanzee 
Sanctuary Northwest (CSNW) in Cle Elum, WA. This chimpanzee group was composed 
of one male and six females (N = 7), ages 34 to 44 years (40.7  3.1) with no known 
genetic relatedness (Table 1). Little is known about each individual’s specific early life 
history; however, all were from pet homes, the entertainment industry, wild-caught, or 
laboratory-born. All seven chimpanzees retired to CSNW from a biomedical research 
facility in June 2008. The seven chimpanzees have been exclusively housed together 
since arriving at CSNW. The chimpanzees have systematic access to a total of seven 
conjoined enclosure spaces: three small indoor rooms (~9.5 m2 each), one slightly larger 
indoor room (~13 m2), one large two-story indoor room (~111 m2), one indoor-outdoor 
space (caged walls with solid roof and bark substrate) with climbing structures (~56 m2), 
and one large open-topped outdoor space (electric-fenced, earth substrate) with multiple 
climbing structures (~1 ha). The chimpanzees were provided with three meals (either 
individually served or forage-style) and one to two small forages (to motivate shifts in 
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enclosure access) per day, water ad libitum, various environmental enrichment 
throughout each morning and food-puzzle enrichment each evening.  
Tibetan macaques 
J.A.M. and L.K.S observed one group (Yulingkeng A1) of wild Tibetan macaques 
(Macaca thibetana) at the Valley of the Wild Monkeys in the Huangshan Scenic District, 
Anhui Province, China82. For the current investigation, we only used data from adult-
adult interactions, where an adult was above the age of six years at the time of data 
collection. Therefore, we focused our investigation on 24 adults: 13 females and 11 males 
between the ages of 6 and 31 years (M = 14.86  7.63) (Table 1). The Yulingkeng A1 
group has been habituated to human research by Anhui University since 1986 and human 
tourism since 199483,84. The monkeys are provisioned with corn three to four times per 
day by park staff in the presence of tourist and researchers82. The YA1 group is free-
ranging (but managed by park staff) across the park’s provisioning zone, manufactured 
tourist/researcher platforms and bridges, a stream and waterfall, forests, and cliffs. 
Behavioral Data Collection 
Captive chimpanzees  
J.A.F collected behavioral data on three randomly assigned days per week from June 15 
to August 28, 2017 (N = 31 days) from 9:00 to 13:00 using a combination of all-
occurrence and instantaneous scan sampling85. For both sampling methods, we utilized 
the same ethogram to operationally define and categorize behaviors that were derived 
specifically for this investigation or have been modified from the American Zoological 
Association86 and Jane Goodall Institute87 (see Table 2). J.A.F collected behavioral data 




Name Abbreviation Species Sex 
Estimated 
Age* 
Annie Ann Pan troglodytes M   42 
Burrito Bur Pan troglodytes M 33 
Foxie Fox Pan troglodytes F 40 
Jamie Jam Pan troglodytes F 38 
Jody Jod Pan troglodytes F 41 
Missy Mis Pan troglodytes F 41 
Negra Neg Pan troglodytes F 43 
BaiTou BT M. thibetana M 26 
DuanShou DS M. thibetana M 14 
GouShan GS M. thibetana M 31 
HuaHong HH M. thibetana F 13 
HuangMa HM M. thibetana M 14 
HeiTou HT M. thibetana M 24 
HuaXiaMing HXM M. thibetana M 6 
TouGui TG M. thibetana M 13 
TouHong TH M. thibetana F 13 
TouHuaYu THY M. thibetana F 7 
TouRui TR M. thibetana F 12 
TouRongGang TRG M. thibetana M 6 
TouRongYu TRY M. thibetana F 7 
TouTai TT M. thibetana F 25 
TouHuaXue TXH M. thibetana F 7 
TouXiaXue TXX M. thibetana F 8 
YeChunYu YCY M. thibetana F 7 
YeHong YH M. thibetana F 13 
YeMai YM M. thibetana F 26 
YeRongBing YRB M. thibetana M 8 
YeRongQiang YRQ M. thibetana M 6 
YeXiaXue YXX M. thibetana F 6 
YeZhen YZ M. thibetana F 24 
ZouBa ZB M. thibetana M 14 
Table 1. Demographic of study groups. This table details individual identities, 
abbreviations, species, sex, & age (in years). Chimpanzee age estimates are from 2017 
and Tibetan macaque age estimates are from 2016. Age estimates were collected from 






Table 2. Operational definitions for dominance and other social behavior contexts. 


















“Winners” were simply defined as the actors of directed agonistic behaviors, 
where “losers” were defined as the recipient of such behaviors. These 
behaviors included: threat, hit/slap, bite. 
Lack of 
Agonism 
“Winners” were defined as the recipient of submissive behaviors (pant-grunt) 
or actors of displacements without agonism, whereas “losers” were defined as 
the actors of submissive behaviors (pant-grunt) or the 
yielding/displaced/fleeing individual. 
Privileged Role 
Because grooming is often considered a valuable commodity in chimpanzee 
and many nonhuman primate species, we used the directional exchange (rather 
than simultaneous) of grooming to quantify privileged roles. Here, the actor 
(groomer) was considered the “losing” individual where the recipient 
(groomee) was considered the “winning” individual. If individuals were 
observed to be grooming in polyadic fashions, directional exchanges were 
coded in a dyadic fashion. 
Priority Access 
to Resources 
Due to the confines of captivity and caregiver husbandry tasks, the 
chimpanzees were often shifted between enclosure spaces using forage style 
day-time snacks or meals. We used the order entry to these newly accessible 
enclosure spaces to quantify individual’s priority access to resources. 
“Winners” were any individual who entered before any other individuals, 
while all other individuals were considered “losers.” This resulted in a relative 















“Winners” were simply defined as the actors of directed agonistic behaviors, 
where “losers” were defined as the recipient of such behaviors. These 
behaviors included: chase, threat/charge, slap/hit, grab, bite. 
Lack of 
Agonism 
“Winners” were defined as the recipient of submissive behaviors (fear-
grimace) or actors of displacements agonism, where “losers” were defined as 
the actors of submissive behaviors (fear-grimace) or the yielding/displaced 
















Any and all behaviors that were identified as affiliative in context. 
Specifically: groom, play, locomote in contact, and other affiliation as defined 
by AZA and JGI.   
All Agonism 
Any and all behaviors that were identified as agonistic in context. Specifically: 
displace, hit, threat, steal object, fight, and other aggression by AZA and JGI.   
Nearest 
Neighbor 
Any individual (chimpanzee or human) closest to the focal individual is to be 
recorded. More than one individual may be recorded if multiple individuals 
are within equal distance of the focal. The focal is said to be without any 
neighbors if the focal is not engaged in an interaction with any other(s) and no 
















Picking through hair or at skin of another individual and removing debris with 
hands and/or mouth.  During simultaneous grooming, both individuals are to 
be recorded as “actors” of this behavior with the other coded as “recipient.” 
Maternal 
Kinship 
While it is clear that maternal relatedness is not a social behavior, since many 
aspects of social life for Tibetan macaques are kin-biased and for ease of 
explanation we consider it under this category hereafter.  
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We employed all-occurrence data collection during all observable social 
interactions (aggressive and/or affiliative) and shifts in access between enclosure spaces 
as the chimpanzees gained access to forage meals. We did not observe a single all-
occurrence interaction for longer than 15 minutes (typically, bouts of allogrooming). We 
recorded social interactions as single events (occurrences) of unidirectional interaction 
with static membership; therefore, changes in individual involvement or direction 
constituted a separate event. We collected instantaneous scan samples between all-
occurrence observations at no less than 15-minute intervals. During scan sampling, we 
observed each chimpanzee individually in sequence as encountered during sweeps from 
south to north across the facility; when individuals were on the same longitudinal line, 
they were observed from west to east. During data collection, we prioritized the 
collection of all-occurrence data (social behaviors) over scan data (nearest neighbor 
associations). If all-occurrence social interactions were observed during scan sampling, 
partially completed scans were discarded or quickly completed if all the remaining 
chimpanzees could be seen from that current location. Because the timing of shifts in-
between enclosure spaces were decided by CSNW staff, scan samples were not 
conducted if these events are about to occur; however, if shifts in access were initiated by 
caregivers during scan sampling, the interrupted scan was discarded. This research 
complied with the protocol issued to J.A.F. approved by Central Washington University’s 
Institutional Animal Care and Use Committee (protocol: A041701) and all methods 
performed are in accordance with relevant guidelines and regulations. All data generated 




L.K.S. collected behavioral data from July 14 to August 27, 2016 (N = 36 days) from 
7:00-12:00 and 14:00-17:00 daily. L.K.S. utilized all-occurrence sampling to collect 
agonistic data85. Agonistic data consisted of fear-grin, scream, flee, displace, threat, 
lunge, chase, grab, slap, and bite as defined by Berman et al. 30. J.A.M. collected 
behavioral data from July 12 to August 8, 2016 (N = 25 days) from 7:00-12:00 and 
14:00-17:00 daily. J.A.M. utilized 10-minute focal-animal sampling focused on adult 
females to collect allogrooming data85. Individual maternal kinship relations are well 
documented by researchers at Anhui University. We calculated maternal kinship 
relationships on an eight-point scale (0 = no known genetic relatedness, 8 = twin siblings) 
with missing values (empty cells) for immigrant males and other unknown relationships. 
The research outlined here adhered to the American Society of Primatologists (ASP) 
Principles for the Ethical Treatment of Non-Human Primates. This research also 
complied with the protocols approved by Central Washington University’s Institutional 
Animal Care and Use Committee (protocols: A041606 and A051602) and all methods 
performed are in accordance with relevant guidelines and regulations. All data generated 
or analyzed during this study are included in this published article (Tables A5-A6). 
Statistical Analyses 
Following conventional methods of analyzing dominance hierarchies within primate 
populations, we coded unambiguously-directed agonistic interactions (or “competitions”) 
in a 1:0 dichotomous fashion, where 1 indicated the “actor” who “won” the interaction, 
and 0 indicated the “recipient” who “lost” the interaction. For these reasons, submissive 
behaviors (lack of agonism) were reverse-coded, where the actor was said to have lost (0) 
to the winning (1) recipient. Chimpanzees who accessed newly opened enclosure spaces 
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(access to desired resources) were coded to “win” against all the “losing” chimpanzees 
who entered later (i.e., access order = A, B, C; A “beat” B, A “beat” C, B “beat” C). 
Privileged role interactions were measured through directional occurrences of 
allogrooming in the captive chimpanzee group where the grooming recipient (the 
groomee) was coded as the “winner” and the bout’s actor (the groomer) was coded to 
“lose” the interaction. For grooming bouts between more than two individuals (polyadic 
grooming), bouts were coded in a directional dyadic fashion.  
Dominance hierarchy 
For each dominance context (see Table 1), we derived dominance ranks for each 
individual in both groups using the following analyses:  
David’s scores (hereafter, DS) are the most conventional and derive a dominance 
index for each individual so that those typically “dominating” have a large positive score, 
and those that are typically “dominated” have large negative scores. David’s scores 
calculate the proportion of wins over losses in agonistic competitions relative to the total 
number of observed interactions and are corrected for chance occurrences of observed 
outcomes46.  
The I & SI method (hereafter, I&SI) aims to maximize rank orders most consistent 
with linear structures, thereby minimizing the number of individual ranking 
inconsistencies (or rank reversals) and the statistical power of such inconsistencies47. To 
test for hierarchical ranking order linearity, many researchers conduct de Vries'48 test for 
linearity (h’)10,39,41. This test (h’) derives the certainty (or steepness; 0.00-1.00) of 
dominant individuals always acting (or “winning”) in interactions over a recipient 
(“loser” or subordinate) 48,89,90. 
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Neumann et al.24 proposed using a non-matrix-based sequential analysis of 
dominance: Elo-ratings. Elo-ratings utilize the observed outcomes of dominance 
interactions to calculate the individual probability of success against all other individuals 
in the future to create a temporal and sequential analysis of dominance rankings. Using 
predictive probability based on previously observed interactions, Elo-ratings employ a 
“winner benefit” and “loser tax” paradigm, where the more an individual “wins” 
interactions, the more likely they are to win future interactions91. This statistical package 
also quantifiably characterizes dominance stability, as measured through the stability of 
each individual’s Elo rankings over time. Specifically, this stability characteristic 
calculates the ratio of rank changes per individual over a given period of time, with large 
variation in individuals’ ranks across the entire population resulting in low stability (score 
closer to 0.00) and no/small variations in individuals’ ranks resulting in high stability 
(score closer to 1.00)24. Elo-rating procedures also calculate the percent of dyads that 
were not observed to interact at all over the study period; this metric is known as the 
percent of null dyads. 
 Fushing, et al.31 devised PERC to investigate dominance relationships that may be 
nonlinear in nature. By inferring the rank potential for all individuals, minimizing errors, 
and computing confidence bounds for selected features, these authors proposed a novel 
and complex ranking system. PERC utilizes non-linear methods to derive relative ranks 
with individual confidence ratings (represented via heat maps); confidence ratings near 
chance (50%) indicate shared or inconsistent ranks of individuals31. 
Recently, Douglas et al.6 developed ADAGIO (approach for dominance 
assessment in gregarious species) to analyze dominance without an underlying 
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assumption of linearity and created a statistical package for testing both linear and 
nonlinear systems92, including linear, triangular, pyramidal, or a system of classes. 
ADAGIO extracts directed acyclic graphs from a given set of dyadic interactions to 
derive dominance structures free of the underlying assumptions of the structure’s 
organization6. 
To investigate the degree of linearity within the groups’ dominance hierarchies, 
we calculated de Vries' h’ test for interaction linearity (or certainty) 48 for all dominance 
contexts in SOCPROG with 1000 permutations89,90. To accompany this linearity metric, 
we also calculated dominance stability and percent of null dyads (dyads without observed 
interactions) using Elo-rating procedures in R24,93. 
Dominance rank reliability 
To test for reliability of individual rank assignments across all statistical analyses (both 
within and between dominance contexts), we calculated Spearman’s rho correlation 
coefficients in R93. We used these analyses to examine if the various dominance statistics 
calculated similar ranks for each individual within the same dominance context. Few 
significant correlations would indicate a lack of reliability between these different 
analyses and emphasize the need for caution in selecting and interpreting dominance rank 
results for a given population. Further, to test for ranking correlations between dominance 
contexts, we also calculated each individual’s median rank across all ranking procedures 
(within each context) and compared these median ranks across contexts using 
Spearman’s rho correlation coefficients in R93. 
Behavioral cross-context predictability 
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To test for the ecological validity of dominance and the ability of dominance ranks to 
predict patterns of other social behaviors, we calculated each individual’s median rank 
within each dominance context. We then converted these lists of median ranks into rank 
difference matrixes (median rank of A - median rank of B) to investigate relationships 
between differences in dominance statuses and trends in the directionality of behaviors in 
other social contexts using QAP multiple matrix regression analyses in UCINET74. For 
the captive chimpanzee data, we investigated the relationships between all four 
dominance contexts and networks of all affiliation, agonism, and nearest-neighbor 
associations (see Table 1). For the free-ranging adult Tibetan macaque data, we 
investigated the relationships between both dominance contexts and occurrences of 
grooming and maternal relatedness (kinship) (see Table 1). The dominance rank(s) with 
the most predictability (significant correlations with other social measures) may provide 
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Human Caregivers Occupy Prominent Positions in Captive Chimpanzee 
(Pan troglodytes) Social Networks  
With the declaration of captive chimpanzees as an endangered species, there are pressing 
issues as to how best care for these individuals as they transition to sanctuary. 
Specifically, it is difficult to provide the highest quality of social and psychological well-
being of a species with such complex social behaviors. Investigations of social structure 
can be analyzed through social network analysis (SNA). We expand on the current 
literature on captive chimpanzee social networks but uniquely consider their human 
caregivers as potential social partners. Using all-occurrences and instantaneous scan 
sampling, we collected grooming, agonistic, and nearest neighbor behavioral measures 
from June to August 2017 in a small chimpanzee group and their human caregivers (N = 
20) at Chimpanzee Sanctuary Northwest (CSNW). By analyzing these social networks 
through multiple SNA tests, our results indicated that human caregivers occupy 
prominent, rather than isolate, positions in the social networks at CSNW. We propose 
that the caregivers’ prominent position may be due to their use of chimpanzee-typical 
behaviors in their daily husbandry routines and interactions. Our results bear influence on 
captive welfare, health, translocation, and husbandry protocols across many nonhuman 
primate captive settings.  






The history of captive nonhuman primates in the United States is complicated. Following 
WWII, importing chimpanzees and rhesus macaques from habitat countries to the United 
States increased their use in biomedical, behavioral, defense, toxicology, and vaccine 
research. This trend accelerated during the 1950s space race with the Soviet Union when 
both countries launched efforts to import wild-caught chimpanzees and rhesus macaques 
for use in breeding programs and space-age research (Hua & Ahuja, 2013). However, 
recent history is diverging from these earlier trends. In response to a 2010 petition from 
the Humane Society of the United States, the United States Department of Fish and 
Wildlife declared captive chimpanzees as endangered. This declaration marked the 
effective end of invasive research on chimpanzees in the United States (Frostic, 2010; 
United States, 2015). However, this change in status leaves more than 500 chimpanzees 
across the United States in need of relocation for retirement (chimpcare.org). Sanctuaries 
are being expanded in an effort to fulfill the specific needs (physical and psychological) 
of this unique and diverse population of former biomedical chimpanzees. However, 
research is necessary to gain a better understanding of chimpanzees’ captive needs and 
better serve this newly retired population (Bennett, 2015).  
Captive animal welfare definitions are often phrased through a variety of 
freedoms: freedom (1) from thirst and hunger, (2) from fear and distress, (3) from 
discomfort, (4) from pain and suffering, (5) to express species-normative behaviors 
(Brambell, 1965), (6) from boredom, (7) to exert control over quality of life (i.e., agency; 
Webster, 1995), and (8) to make choices about where to spend time, how to spend time, 
and when and with whom to socially engage (Kagan, Carter, & Allard, 2015). Ensuring 
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captive primate welfare and individual agency in social relationships is challenging 
because of the complexity of social behavior within and between primate species, 
especially the great apes (Clark, 2011; Kagan et al., 2015; Schel et al., 2013).  
Investigations, descriptions, and depictions of such complex great ape social 
systems have become common through the use of Social Network Analysis (SNA) (e.g., 
Clark, 2011; Funkhouser, Mayhew, & Mulcahy, 2018; Schel et al., 2013). SNA can be 
broadly defined as the use of matrix-based data to analyze social interactions between 
individuals (or nodes) through network-based descriptive and statistical analyses (Sueur, 
Jacobs, Amblard, Petit, & King, 2011; Whitehead, 2008). In studies of nonhuman primate 
social networks, SNA can be used to derive dyadic relationship indexes and statistics that 
describe node and network statistics; identify clusters, subgroups, and isolated 
individuals; and diagram the group’s social network (e.g., Clark, 2011; Farine & 
Whitehead, 2015; Funkhouser, Mayhew, & Mulcahy, 2018; Sueur et al., 2011). SNA is 
useful to characterize multifaceted social relationships (such as those of chimpanzees) 
because it allows for the flexible use of relational measures (e.g., grooming and agonism) 
and can perform statistics at multiple levels (Asher et al., 2009). SNA offers a framework 
to identify attributes of node positions, characterize group-wide social relationships in a 
comparable way, and analyze relational links (or ties, edges) between all group members 
(e.g., Pinter-Wollman et al., 2014). For a comprehensive review of SNA terminology, 
methods, and analyses, we direct the reader to texts by Borgatti, Everett, and Johnson 
(2013) and Whitehead (2008). 
Many investigators have used SNA to discuss nonhuman primate networks across 
various social contexts (wild: e.g., Nakamura, 2003; Ramos-Fernandez, Boyer, Aureli, & 
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Vick, 2009; Wakefield, 2013; captive: e.g., Clark, 2011; Kanngiesser et al., 2011; Schel 
et al., 2013; dominance: e.g., Douglas, Ngonga Ngomo, & Hohmann, 2017; Newton-
Fisher & Kaburu, 2017; Norscia & Palagi, 2015; social learning: e.g., Hobaiter, Poisot, 
Zuberbühler, Hoppitt, & Gruber, 2014; Pasquaretta et al., 2014, and captive welfare: e.g., 
Koene & Ipema, 2013; Brenda McCowan et al., 2008). In captive settings, SNA has 
mainly been used to describe, assess, or increase the welfare of human-managed animal 
groups (e.g., Clark, 2011; Funkhouser, Mayhew, & Mulcahy, 2018; Koene & Ipema, 
2013; Levé, Sueur, Petit, Matsuzawa, & Hirata, 2016; McCowan, Anderson, Heagarty, & 
Cameron, 2008; Schel et al., 2013). Managing the stability, structure, size, and 
characteristics of social networks (of various behavioral measures) is vital to manage 
deleterious aggression, overall health, morbidity, and mortality, thereby ensuring 
adequate welfare (Asher et al., 2009; McCowan et al., 2016; McCowan et al., 2008).  
Specifically, SNA has been used in a number of investigations to examine the 
effects of node and group-level characteristics on the components of social networks. For 
example, investigations of this topic have illuminated non-random patterns of social 
associations in wild female chimpanzees (Wakefield, 2013); correlations in juvenile play 
network positions, ontogenetic social development, and later-life social connectedness in 
wild chimpanzees (Shimada & Sueur, 2014); the importance of wild-born central 
individuals on captive chimpanzee group structure (Levé, Sueur, Petit, Matsuzawa, & 
Hirata, 2016); the effect of increased affiliative network cohesion (i.e., grooming 
reciprocity) on a group’s agonism, behavioral indicators of stress, and social tension 
(Kanngiesser et al., 2011); the importance of captive chimpanzee’s agency in enclosure 
space use to express social preferences in a large group for welfare reasons (Clark, 2011); 
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and the successful integration of two captive adult groups (Schel et al., 2013). Further, 
Funkhouser, Mayhew and Mulcahy (2018) used the basic utilities of SNA to describe 
node-level attributes, network characteristics, subgroups, and patterns of social 
relationships across three social network measures in sanctuary-living chimpanzees (the 
same group of the current investigation). These authors integrated theories and methods 
of network analysis with practices of captive management to typify the use of SNA to 
better social welfare of sanctuary-living chimpanzees.  
Despite the wide array of SNA use, these methods have not yet been employed to 
investigate questions of the presumed relationships between captive nonhuman primates 
and their human caregivers. Using conventional methods of analysis, a limited number of 
investigations have examined these nonhuman primate-human relationships to find that 
positive interactions with human caregivers improve captive primate welfare (Chelluri, 
Ross, & Wagner, 2013; Jensvold, 2008; Manciocco, Chiarotti, & Vitale, 2009). Some 
authors have similarly argued that positive interactions between captive caregivers and 
the primates they care for serve as social enrichment and improve welfare (Fouts, 1998; 
Fouts, Abshire, Bodamer, & Fouts, 1989; Morimura, Idani, & Matsuzawa, 2011). At the 
fundamental level, captive animal welfare scholars make clear that the nature of 
interaction(s) (positive or negative) between human caregivers, visitors/guests, and 
captive animals have numerous impacts on an individual’s welfare (Kagan et al., 2015). 
Across investigations in sanctuary settings, cross-species relationships are of increasing 
focus because of the continued interest in maximizing captive animal welfare through 
social agency and complexity. 
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Authors of few studies have indicated that differing husbandry protocols between 
captive institutions can serve as facilitators of these relationships and improved welfare. 
The use of species-typical behavior by caregivers has been shown to improve captive 
welfare and increase the strength of bonds between captive great apes and human 
caregivers (Case, Yanagi, Loeser, & Fultz, 2015; Chelluri et al., 2013; Jensvold, 2008). 
Jensvold asserts that the knowledge and use of chimpanzee-typical behavior allows 
caregivers to build rapport with the chimpanzees and “insert themselves into the 
chimpanzees’ social network” (2008, p. 356). Furthermore, strong chimpanzee-caregiver 
bonds have been demonstrated to decrease chimpanzee stress-indicative behaviors during 
substantial changes in operations, staffing, and construction at Chimpanzee Sanctuary 
Uto (Japan); specifically, the presence of familiar human staff decreased the negative 
effects of these stressful events on the chimpanzees (Morimura, Idani, & Matsuzawa, 
2011). These authors also refer to the functionality of chimpanzee-human bonds as a 
“scaffolding” for introductions of isolated (physically or socially) chimpanzees to new 
individuals or groups (2011, p. 229). Additionally, Chimpanzee Sanctuary Uto 
management often utilized human caregivers as the only social partners for disabled or 
isolated chimpanzees. In these cases, humans caregivers constitute the chimpanzee’s only 
social relationships (Morimura et al., 2011). In the United States, detailed descriptions of 
biomedical chimpanzees’ road to sanctuary provide multiple accounts of sanctuary 
caregivers describing their strong relationships with the chimpanzees in their care (Hua 
and Ahuja, 2013). These authors characterize sanctuary settings as shared worlds 
between chimpanzees and humans, explaining this, fundamentally, through the 
biological, social, behavioral, and cognitive likeness of chimpanzees and humans. 
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In this investigation, we seek to better classify and describe the relationships 
between chimpanzees and caregivers at Chimpanzee Sanctuary Northwest (CSNW) using 
SNA. We aim to describe these networks to best advise husbandry, facility, and welfare 
protocols at CSNW and across captive primate facilities nationwide (namely, great ape 
sanctuaries in the United States). To understand these social systems, we employed SNA 
behavioral network measures of nearest neighbor associations (NN), directional 
grooming (GR), and directional agonism (AG) relationships to juxtapose two network 
types: chimpanzees (CH) and chimpanzees-caregivers (CH-HU). Because of the 
fundamental use and integration of chimpanzee-typical behavior in the husbandry 
standards of CSNW, we hypothesize that human caregivers are prominently connected 
within the chimpanzee social networks as opposed to being peripheral or isolated.  
Materials and Methods 
Study Site 
In this investigation, we focused on the social interactions between one group of seven 
chimpanzees (Pan troglodytes) and their caregivers at CSNW. The sanctuary is situated 
on 27.5 hectares of farm and forestland in the Cascade Mountains of Cle Elum, 
Washington. CSNW is accredited by the United States Department of Agriculture 
(USDA) and Global Federation of Animal Sanctuaries (GFAS) and is a member 
sanctuary of the North American Primate Sanctuary Alliance (NAPSA). CSNW was 
formed in 2003 to provide life-time care for chimpanzees rescued from the entertainment 
industry and retired from biomedical laboratories.  
The management and staff at CSNW have adopted a husbandry philosophy of 
putting the chimpanzees’ needs above all else. The seven chimpanzees occupy multi-
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faceted indoor and outdoor spaces of various sizes and configurations. Sanctuary staff 
and volunteers aim to provide the highest quality and most enriching environments 
possible for the chimpanzees in their care. While never sharing physical space, the 
chimpanzees and human caregivers often interact via various types of play, games of 
chase and troll-toss, knuckle rubbing, tool grooming, perimeter walks, etc. CSNW staff 
and volunteers are trained to identify, describe, and respond to chimpanzee-typical 
behavior in appropriate ways. By using these chimpanzee-typical means of 
communication, the staff and volunteers can respond in a non-threatening manner to 
chimpanzee aggression and increase overall chimpanzee-caregiver understanding, while 
enabling the chimpanzees to exert additional choice and agency on their environments 
(an important factor for welfare). 
To promote this connectedness between chimpanzees and caregivers, CSNW staff 
and volunteers are instructed to ignore or respond submissively to chimpanzee threats and 
comply (within reason) to all needs of and requests by the chimpanzees. Similarly, 
humans never behave in a threatening or forceful manner toward the chimpanzees, nor is 
punishment ever administered for undesired behavior (e.g., throwing feces). Combined, 
these strategies position the caregivers at the bottom of the chimpanzee dominance 
hierarchy through continued submission and compliance (Jensvold, 2008; Sanz, Droigk, 
Ketter, & Pollick, 1996). Most meals at CSNW are hand-served by caregivers to ensure 
that each chimpanzee receives adequate quantities and nutrients. During these served 
meals, humans are instructed to serve the chimpanzees in order of most to least dominant 
in most situations. Meals are served this way to decrease the likelihood of aggression 




In this investigation, J.A.F. observed one chimpanzee group (Pan troglodytes) at CSNW. 
This group is composed of one male and six females (N = 7), ages 34 to 44 years with no 
genetic relatedness. This group was retired to CSNW in June 2008. Prior to their arrival 
at CSNW, the group was housed together for approximately two years after being used in 
various research protocols and as breeding individuals in biomedical facilities. The seven 
chimpanzees have been exclusively housed together since arriving at the sanctuary. Little 
is known about each individual’s specific early life history; however, it can be speculated 
that three or four females were born and raised in laboratories, one or two females were 
captured in the wild for captive experiments, and one male and one female were born and 
raised into the entertainment and pet industry for the first portion of their lives 
(chimpsanctuarynw.org) (see Table 1). While no published articles quantitatively or 
qualitatively assess the demographics of sanctuary-living chimpanzees, due to their 
heterogeneous life histories, consistent group membership, and coetaneous group 
composition it can be assumed that the seven chimpanzees at Chimpanzee Sanctuary 
Northwest serve as a representative sample for the larger population of the 550+ 
sanctuary-living chimpanzees across the United States (chimpcare.org). 
At CSNW, the chimpanzees have systematic access to a total of seven conjoined 
enclosure spaces, three small indoor rooms (~9.5 m2 each), one slightly larger indoor 
room (~13 m2), one large two-story indoor room (~111 m2), one indoor-outdoor space 
(caged walls with solid roof and bark substrate) with climbing structures (~56 m2), and 
one large open-topped outdoor space (electric- fenced, earth substrate) with multiple 





Chimpanzee group demographics. 
 
Name Sex Estimated Age Early Life Experience 
Annie F 43 Lab born or wild-caught 
Burrito M 34 Lab born, reared in human home 
Foxie F 41 Lab born 
Jamie F 39 Lab born, reared in human home  
Jody F 42 Lab born or wild-caught 
Missy F 42 Lab born 
Negra F 44 Wild-caught 
Age is provided as an estimate (in years) when data was collected from June to August of 
2017. Early life rearing history and origin is uncertain for some individuals: some records 
indicate Annie and Jody were either wild-caught at a very young age or born in a 
biomedical laboratory.  
 
fruits, vegetables, and manufactured primate “chow” (breakfast: 10:00; lunch: 13:00; 
dinner: 16:30) either individually served by a caregiver or forage-style. The chimpanzees 
also have constant access to water and are provided object enrichment each morning and 
food-puzzle enrichment each evening. In the research outlined here, we followed the 
American Society of Primatologists (ASP) Principles for the Ethical Treatment of Non-
Human Primates This research complies with the approved protocol by Central 
Washington University’s (CWU) Institutional Animal Care and Use Committee 
(IACUC): protocol number A041701.  
The chimpanzees are cared for by full- or part-time caregiving staff (N = 6) and 
trained volunteers and interns (N = ~20). These individuals were asked to anonymously 
participate in this study at the start of data collection (for staff) or the beginning of each 
of their shifts (for volunteers/interns). However, no manipulation of the regular daily 
schedule or husbandry protocol was necessary for this investigation. All caregiving staff 
are similarly trained and completed similar caregiving duties. Volunteers and interns are 
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trained at three levels: 1, 2, and 3. Level 1 volunteers have no interaction with the 
chimpanzees and are rarely in proximity (no closer than 1 m.) to chimpanzee enclosures. 
Level 2 volunteers do not interact beyond minimal head-nodding when the chimpanzees 
seek their attention. These volunteers are within proximity (no closer than 0.5 m) from all 
chimpanzee enclosures during their shift. Level 3 volunteers (and staff) are trained in 
chimpanzee behavior and undergo extensive training (approximately 6-12 months) on 
chimpanzee-human interactions (including serving meals). Level 3 volunteers frequently 
interact with the chimpanzees in a limited manner: no human or chimpanzee ever shares 
physical space; human fingers/hands/feet never penetrate enclosure caging; physical 
interactions are limited to chimpanzee finger tips and edges of lips and human knuckles, 
wrists, or elbows; and multiple enrichment items (toys, toothbrushes, scarves, blankets) 
are typically used during play and grooming. These interaction and training protocols are 
written and maintained by CSNW staff and were not modified for the purposes of this 
investigation. Although not all human volunteers are equally likely to interact or engage 
with a chimpanzee (e.g., never for Level 1 volunteers), the chimpanzees are equally 
likely to engage with any human (e.g., threat), and therefore, all human caregivers and 
volunteers/interns are included in this investigation. In this research, we complied with 
the approved minimal risk protocol by Central Washington University’s (CWU) Human 
Subjects Review Council (HSRC): protocol number H17069.  
Behavioral Data Collection  
J.A.F collected behavioral data on three randomly assigned days per week from June 15 
to August 28, 2017 (N = 31 days) from approximately 9:00 to 17:00. We utilized a 
combination of all-occurrence and instantaneous scan sampling (Altmann, 1974). The 
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same ethogram was used for both methods, and operationally defined and categorized 
behaviors that were derived specifically for this investigation or were modified from the 
American Zoological Association (AZA, 2009) and Jane Goodall Institute (1989) (Table 
2). J.A.F collected behavioral data on an iPad (2nd generation) using ZooMonitor (Ross 
et al., 2016). 
We prioritized the collection of all-occurrence data over scan data. All-occurrence 
collections occurred during all observable social interactions (aggressive and/or 
affiliative interactions) either between chimpanzees or chimpanzee(s) and caregiver(s). A 
single all-occurrence interaction was not observed for longer than 15 minutes (typically, 
bouts of allogrooming). Social interactions were recorded as single events (occurrences) 
of unidirectional interactions with static membership; therefore, changes in individual 
involvement or direction constituted a separate event. We collected instantaneous scan 
samples between all-occurrence observations at no less than 15-minute intervals. The 
main focus of the instantaneous scan samples was to collect nearest-neighbor 
associations; any chimpanzee could have any number of equidistant chimpanzee or 
human “neighbors” within 3.1 m. During scan sampling, we observed each chimpanzee 
individually in sequence as they were encountered during sweeps from south to north 
across the facility. When chimpanzees were on the same longitudinal line, individuals 
were observed from west to east. If all-occurrence social interactions were observed 
during scan sampling, partially completed scans were discarded or otherwise completed if 











Any individual (chimpanzee or human) closest to the focal 
individual is to be recorded. More than one individual may be 
recorded if multiple individuals are within equal distance of the 
focal. During instantaneous scan sampling, the focal chimpanzee is 
said to be without any neighbors if he/she is not engaged in an 
interaction with any other(s) and no individuals are within 3.1 
meters of him/her.  
Affiliative Behaviors 
Groom 
Picking through hair or at skin of another individual and removing 
debris with hands and/or mouth (AZA).  During simultaneous 
grooming, both individuals are to be recorded as “actors” of this 
behavior with the other coded as “recipient.” During all-occurrence 
sampling, bouts of directional grooming are considered 




To be the recipient of the above behavior “grooming.” 
Only to be recorded during scan sampling, during all-occurrence 
sampling the recipient of grooming is coded as “recipient” of an 
actor’s directional grooming. 
Solicit 
Grooming 
Grooming is initiated or solicited by presenting the rump, back, 
side or bowed head. In some cases, a chimpanzee may scratch at 
some part of its body while intently watching another chimpanzee 
or reach out with a hand. A vocal cue such as tooth clacking and 
tongue or lip smacking are also used to reinitiate grooming (JGI). 
Play 
Non-aggressive interactions involving two or more animals. Never 
accompanied by pilo-erection or agonism; may be accompanied by 
play-face and/or laughing. Includes rough-and-tumble play, quiet 




Chimpanzees who have been separated for some period of time 
may deliver or exchange greeting signals on meeting again. 
Chimpanzees may also greet familiar humans. Greeting may be 
accompanied by vocalization (e.g., pant-grunt), touch, kiss, bob, 
hunch, head bob, embrace, extend arms. This behavior is not 
associated with agonistic contexts (JGI). 
Reassure 
Reassurance may be given by a chimpanzee who has just 
threatened or attacked a subordinate in response to the latter's 
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subsequent submissive or appeasing gestures. Reassurance gestures 
include: patting, touching, embracing, kissing, and grooming. 




Actively submitting or seeking reassurance from another 
chimpanzee. Specific behaviors may include bobbing and arm/hand 
extend, vocalizations (e.g., whimper), touching, fear grimacing, and 
bobbing. A chimpanzee may gaze anxiously toward another 
chimpanzee while creeping slowing forward, as a request of 
reassurance (JGI). 
This behavior may or may not be followed by another individual 
“reassuring” the actor. 
Locomote in 
Contact 
Specific affiliative behavior where a locomoting individual reaches 
out to momentarily grasp the hind foot of the individual traveling in 




Any other affiliative behavior, may or may not involve contact. 
Agonistic Behaviors 
Displace 
Approaching and taking the physical space of another individual 
(AZA). 
Display 
Aggressive behavior without any clear and identifiable recipient. 
May include pilo-erection, and such behaviors as beating on or 
moving inanimate objects, stomping, slapping, swaying, hooting, 
chest-beating, or running (AZA). These behaviors directed towards 
another individual fall under “threat.” This behavior has no 
recipient.  
Threat 
Aggressive behaviors directed toward another individual that does 
not include any physical contact. Includes lunge and rush. 
Normally the gestures are not followed by physical attack (AZA). 
Threat is a general term which includes: arm threat/hit toward, 
bipedal swagger, aggressive display, grab/grapple/push/pull/drag 
other, grab/steal/take object, head, hunching, 
slap/hit/flap/poke/push/kick, and throw (JGI). 
Disrupt 
Display 
Aggressive behavior or vocalization that may resemble “threat” but 
is intended and successful in halting another individual’s display. 
Unsuccessful attempts to halt one’s display is to be coded as 





A chimpanzee makes a "rapid progression" away from another 
chimpanzee as if it is perceived as alarming or dangerous. The 
actor may be fleeing/retreating from another individual’s threats or 
displays (JGI). This behavior has no “receiver.” 
Steal Object 
A chimpanzee roughly or vigorously seizes an object with one or 
both hands from another chimpanzee. It may also occur when a 
chimpanzee picks up an object that was in possession by another 
chimpanzee but not being held. This behavior is scored only if the 
chimpanzee is actively grabbing/stealing/taking an object from 
another chimpanzee (JGI). 
Fight Reciprocal contact aggression that continues into a state (AZA). 
Other 
Aggression 
Aggressive behaviors that must involve some physical contact 
between individuals. Includes, wrestling, lunge, hit, grab, bite, and 
scratch; may include pilo-erection (AZA, “Contact Aggression”). 
Also including any other behaviors perceived as agonistic in 
natural. 
AZA refers to Association of Zoos and Aquariums (2000) and JGI refers to Jane Goodall 
Institute (1989). 
 
Statistical Analyses  
Following similar analyses used in Funkhouser, Mayhew, and Mulcahy (2018) 
investigating CSNW’s chimpanzee-only networks, we used SOCPROG, UCINET, and 
NetDraw to diagram, describe, and compare social networks with and without the 
inclusion of human caregivers. To do so, we compared network types (CH and CH-HU) 
across network measures (NN, GR, and AG) with several tests (community division of 
modularity, reciprocity/unidirectionality) and statistics (degree, centrality, closeness, 
betweenness, density, connectedness). Hereafter, we refer to each individual network 
though its combination of network type and measure (e.g., chimpanzee-caregiver 
grooming network: CH-HU GR network). For simplicity in the analyses, we summed all 
occurrences of human interaction/association (regardless of training level) into a single 
node to represent the collective position of “Humans” within these networks.  
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We used simple ratio methods in SOCPROG to calculate frequencies of 
association (i.e., NN) and interaction (i.e., AF, AG) for all dyads in each network 
(Whitehead, 2008). These dyadic indexes were represented in an adjacency matrix for all 
networks. Using these dyadic indexes of association/interaction, we constructed diagrams 
using principal coordinate analyses (PCA) in NetDraw (within UCINET) to visually 
represent the associations and interactions between chimpanzees and human caregivers 
(Borgatti, Everett, & Freeman, 2002). Diagrams using PCA plot the distances between 
individuals proportional to one minus the square root of their association or interaction 
indexes (e.g., individuals with strong associations are plotted together; Whitehead, 2008). 
In these diagrams, we defined minimum edge values with the mean of all dyadic indexes 
(M). 
We calculated four node-by-node statistics in UCINET for every node within 
each network. These statistics provide values that communicate node-specific attributes 
within each individual network. We calculated the following node-by-node statistics: 
degree (also known as strength, the sum of each node’s ties with all other nodes), 
eigenvector centrality (a measure of how well an individual is associated with other 
individuals and also how well those associates are associated), closeness (the inverse of 
centrality, where large values represent peripheral network positions), and betweenness 
(how often the node mediates the shortest path between two other nodes, commonly used 
to assess a node’s ability to control flow through the network). Detailed information 




We also calculated four network statistics in UCINET for each network. These 
statistics provide values that convey characteristics of the entire network rather than 
individual node positions or roles. We calculated the following network statistics: 
average degree (average degree of all nodes in a network), density (a measure of 
cohesion, simply the number of ties relative to all possible ties in a network), 
connectedness (the proportion of node pairs that are connected by ties of any strength), 
and dyadic reciprocity (the proportion of reciprocal ties between nodes relative to all the 
ties in a network).    
We calculated community division by modularity analyses in SOCPROG to test 
for significant subgroupings in each of the six networks. In this analysis, each node is 
assigned a cluster, where nodes with strong relationships are assigned to the same cluster. 
Each node’s eigenvector is also calculated and reported to convey certainty in cluster 
assignment (where zero indicates uncertainty, Whitehead, 2008; Whitehead, 2009). 
Community divisions by modularity analyses are accompanied by a population 
modularity value (Q). Population modularity values greater than approximately 0.30 
indicate significant community structure (Newman, 2004). 
We also calculated tests for reciprocity or unidirectionality to better understand 
the relative direction of behaviors within the asymmetric (directed) AG and GR 
networks. These analyses test the hypothesis that asymmetric behaviors (allogrooming 
and agonism) are reciprocal among a population of dyads (e.g., the rate of interaction 
individual A directs towards B is correlated with the rate of interaction B directs towards 
A). If there is no correlation between the matrix and its transpose, the measure is 
unidirectional. In SOCPROG, we used Mantel Z-tests to test for absolute reciprocity 
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(proportion of dyadic reciprocity compared to all other dyads), and the Kr-test to test for 
relative reciprocity (proportion of dyadic reciprocity compared to all other dyads with the 
same actor; Hemelrijk, 1990; Whitehead, 2008; Whitehead, 2009). 
Results 
During all-occurrence sampling J.A.F. recorded a total of 2294 agonistic events, 1263 
affiliative events, and 517 instantaneous scan samples (at 20:33 ± 49:57 minutes apart) 
where all individuals were recorded to have 0.9 ± 0.6 nearest neighbors per scan (roughly 
1 ± 1 nearest neighbors). The chimpanzees engaged with human caregivers a total of 534 
times throughout the study period: 3% of these interactions included Level 1 volunteers, 
1% included Level 2 volunteers/interns, 26% included Level 3 volunteers/interns, and 
70% included Level 4 staff. All of these types of human interactions were summed to 
compile the “Human” node in all six networks.  
During one day of preliminary data collection, we calculated interobserver 
reliability between J.A.F. and an independent coder using Cohen’s kappa for nominal 
variables (Hallgren, 2012). Reliability exceeded 85% agreement across all observations: 
agonistic events ( = 1.00), affiliative events ( = 0.91), instantaneous scan samples 
(behaviors and nearest neighbor codes,  = 0.88), and chimpanzee-caregiver interactions 
( = 0.95). One hundred percent agreement ( = 1.00) was achieved on individual 
chimpanzee identification. 
The results from calculating interaction and association indexes of nearest 
neighbor associations (NN), grooming interactions (GR), and agonistic interactions (AG) 
across both network types (CH and CH-HU) are represented as adjacency matrixes in 
Appendix B Tables B1 – B6. Here, we report the descriptive statistics for dyadic 
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relationship values in the CH-HU networks, as they represent all collected data. Across 
all dyads, symmetric nearest neighbor associations occurred at an average of 77.82 ± 
43.37 times, ranging between 209 events (Missy/Annie) and 14 events (Annie/Human). 
Across all dyads in each direction, grooming occurred an average of 27.25 ± 32.59 times, 
ranging between 176 events (Annie/Missy) and zero events (multiple dyads). Across all 
dyads in each direction, agonism occurred an average of 22.36 ± 37.45 times, ranging 
between 148 events (Burrito/Jody) and zero events (multiple dyads).  
Figures 1 – 6 show the principal coordinates analysis sociograms depicting 
relational ties and node positions for each individual network. These sociograms were 
created in NetDraw (in UCINET: Borgatti et al., 2002) using dyadic indexes derived 
from SOCPROG (Whitehead, 2009). Minimum ties for visualizations are defined by the 
mean of all dyadic association or interaction indexes. The grooming and agonistic 
diagrams depict directional relationships with line and arrow width representing 
relationship value and direction. 
Detailed results of node and network statistics are given for NN, GR, and AG 
networks across both CH and CH-HU network types in Tables 3-5; here we summarize 
results of the highest values for each statistic and network. Across the CH and CH-HU 
NN networks, Annie had the highest degree (568.00) and eigenvector centrality (1.00). 
Both NN networks had the highest possible values of closeness (CH: 6.00; CH-HU: 
7.00), betweenness (0.00), average degree (CH: 6.00; CH-HU: 7.00), density (1.00), 
connectedness (1.00), and reciprocity (1.00; see Table 3). In the CH and CH-HU GR 
networks, Missy had the highest degree (CH: 306.00; CH-HU: 314.00), whereas Jody 




Figure 1. Chimpanzee nearest neighbor network principal coordinate analyses (M = 74). 
 
 
Figure 2. Chimpanzee-caregiver nearest neighbor network principal coordinate analyses 





Figure 3. Chimpanzee grooming network principal coordinate analyses (M = 34). 
 
 






Figure 5. Chimpanzee agonistic network principal coordinate analyses (M = 24). 
 
 





highest values of closeness (6.50), whereas Burrito, Jamie, and Jody had the highest 
values of betweenness (0.40). The CH-HU GR network results highlight the humans’ 
heightened values of closeness (9.00), whereas Burrito and Jamie had the highest values 
of betweenness (1.25). The differences between the CH and CH-HU GR network 
statistics indicate that the inclusion of humans does not affect connectedness (1.00), 
increases values of average degree (+0.54), and decreases density (-0.06) and reciprocity 
(-0.12; see Table 4). Across the CH and CH-HU AG networks, Burrito had the highest 
values of degree (CH: 426.50; CH-HU: 430.00) and eigenvector centrality (0.91). In the 
CH AG network, Foxie and Negra had the highest closeness (7.00), whereas Burrito, 
Jody, and Annie had the highest betweenness (0.60). In the CH-HU AG network, humans 
had the highest closeness (14.00), and Burrito and Jody had the highest betweenness 
(0.90). Differences between CH and CH-HU GR network statistics indicate that the 
inclusion of humans in the network increases average degree (+0.06) and reciprocity 
(+0.25) but decreases density (-0.13) and connectedness (-0.12; see Table 5).  
The results of community divisions by modularity analyses for all networks is 
reported in Table 6. Interestingly, no modularity values for any of the six networks 
exceeded the 0.30 threshold to indicate significant community structure (Q < 0.265). 
Therefore, we report the results of these analyses but consider all networks to lack 
significant sub-groups or clusters.  
The results of tests for reciprocity or unidirectionality for the CH GR network 
indicated that the frequency of grooming was reciprocal among dyads (Mantel Z-test, p = 






Nearest-neighbor node and network statistics. 
 
 Node-by-Node Statistics Network Statistics 
















Annie 568.00* 1.00* 6.00 0.00 
6.00 1.00 1.00 1.00 
Burrito 477.00 0.87 6.00 0.00 
Foxie 429.00 0.77 6.00 0.00 
Jamie 325.00 0.60 6.00 0.00 
Jody 482.00 0.88 6.00 0.00 
Missy 403.00 0.80 6.00 0.00 















s Annie 582.00* 1.00* 7.00 0.00 
7.00 1.00 1.00 1.00 
Burrito 538.00 0.94 7.00 0.00 
Foxie 480.00 0.85 7.00 0.00 
Human 432.00 0.76 7.00 0.00 
Jamie 520.00 0.88 7.00 0.00 
Jody 497.00 0.90 7.00 0.00 
Missy 465.00 0.85 7.00 0.00 
Negra 452.00 0.82 7.00 0.00 
“Eig. centrality” refers to eigenvector centrality, “between” refers to betweenness, “connect” refers to connectedness, and “reciproc” 
refers to dyadic reciprocity. Asterisks (*) indicated the highest value for each value within each network type. We provide averages 







Directional grooming node and network statistics. 
 
 Node-by-Node Statistics Network Statistics 
















Annie 190.50 0.63 6.50* 0.20 
5.71 0.95 1.00 0.91 
Burrito 250.50 0.68 6.00 0.40* 
Foxie 140.00 0.45 6.50* 0.20 
Jamie 176.00 0.53 6.00 0.40* 
Jody 299.00 0.76* 6.00 0.40* 
Missy 306.00* 0.74 6.50* 0.20 















s Annie 186.50 0.61 8.00 0.60 
6.25 0.89 1.00 0.79 
Burrito 245.50 0.66 7.00 1.25* 
Foxie 141.00 0.46 8.00 0.65 
Human 47.50 0.12 9.00* 0.00 
Jamie 205.00 0.54 7.00 1.25* 
Jody 299.50 0.76* 7.50 0.80 
Missy 314.00* 0.73 8.00 0.65 
Negra 87.00 0.29 7.50 0.80 
“Eig. centrality” refers to eigenvector centrality, “between” refers to betweenness, “connect” refers to connectedness, and “reciproc” 
refers to dyadic reciprocity. Asterisks (*) indicated the highest value for each value within each network type. We provide averages 







Directional agonism node and network statistics. 
 
 Node-by-Node Statistics Network Statistics 
















Annie 108.00 0.59 6.00 0.60* 
5.57 0.93 1.00 0.14 
Burrito 426.50* 0.91* 6.00 0.60* 
Foxie 81.50 0.46 7.00* 0.20 
Jamie 119.50 0.56 6.50 0.40 
Jody 105.00 0.57 6.00 0.60* 
Missy 99.00 0.52 6.50 0.40 















s Annie 104.00 0.58 8.50 0.40 
5.63 0.80 0.88 0.39 
Burrito 430.00* 0.91* 8.00 0.90* 
Foxie 84.00 0.47 9.00 0.20 
Human 50.00 0.26 14.00* 0.00 
Jamie 143.50 0.55 8.50 0.70 
Jody 111.50 0.57 8.00 0.90* 
Missy 100.00 0.51 8.50 0.70 
Negra 76.00 0.36 9.50 0.20 
“Eig. centrality” refers to eigenvector centrality, “between” refers to betweenness, “connect” refers to connectedness, and “reciproc” 
refers to dyadic reciprocity. Asterisks (*) indicated the highest value for each value within each network type. We provide averages 














Cluster Members  
(Eigenvector values) 
CH NN 0.265 
1 Annie (-0.56) & Missy (-0.59) 
2 
Burrito (0.36), Foxie (0.23), 
Jamie (0.25), Jody (0.28), & 
Negra (0.02) 
CH-HU NN 0.234 
1 
Annie (-0.58), Missy (-0.58),  
& Negra (-0.07) 
2 
Foxie (-0.05), Human (-0.59),  
& Jamie (-0.36) 
3 Burrito (0.40) & Jody (0.60) 
CH GR 0.231 
1 
Annie (0.80), Jamie (-0.09), 
Jody (-0.29), & Missy (-0.35) 
2 Negra (-0.78) 
3 Burrito (0.39) & Foxie (0.49) 
CH-HU GR 0.229 
1 
Annie (0.79), Human (0.07), 
Jamie      (-0.16), Jody (-0.26), 
& Missy (0.35) 
2 
Burrito (-0.34) & Foxie (-
0.47) 
3 Negra (0.81) 
CH AG 0.257 
1 Missy (-0.71) 
2 Negra (-0.01) 
3 Annie (0.71) 
4 
Burrito (-0.84), Foxie (0.26), 
Jamie (0.46), & Jody (0.13) 
CH-HU AG 0.258 
1 Human (-0.71) 
2 
Burrito (0.57), Foxie (0.27), 
Jamie (0.66), Missy (-0.13) & 
Negra (-0.36) 
3 Annie (0.71) 
4 Jody (-0.14) 
Modularity values greater than 0.30 indicate significant community structures, individual 





the same actor (Mantel Z-test, p = 0.13; Hemelrijk Kr-test, p = 0.02). The results  
of these tests for the CH AG network found that the frequency of agonism was 
unidirectional indicated that the frequency of grooming was only relatively reciprocal 
within dyads of (Hemelrijk Kr-test, p = 0.25). 
Discussion 
In this investigation, we aimed to better understand the relationships between 
chimpanzees and caregivers at Chimpanzee Sanctuary Northwest (CSNW) through the 
utilities of SNA. Using node and network statistics, we observed that Annie holds high 
degree and centrality in the NN network, and the network has high density and 
connectedness. Meanwhile, Jody and Missy hold high degree and centrality in the GR 
network, whereas humans are peripheral but have strong relationships with Jamie and 
Burrito. In the AG networks, our results indicate that Burrito holds high degree and 
reciprocal (Mantel Z-test, p = 0.03) but unidirectional within dyads of the same actor 
centrality, whereas humans, Foxie, and Negra are peripheral. Our constructed PCA 
among dyads (Mantel Z-test, p = 0.16; Hemelrijk Kr-test, p = 0.13); however, the results 
of the CH-HU AG network indicated that the frequency of agonism between dyads was  
sociograms (Figures 1 – 6) visually represent each node’s position in each type of 
network across all network measures. Our analyses for community divisions by 
modularity resulted in no significant clustering or sub-groups across any network. This is 
likely because of the high connectedness and density of these networks. The 
directionality of these behaviors across the GR networks can be said to be moderately 
reciprocal, whereas the AG networks are only reciprocal when humans were included 
(likely due to the increased number of null dyads). Overall, these results indicate that 
 101 
 
human caregivers hold prominent positions in captive chimpanzee social networks across 
multiple behavioral measures. These results have implications for the continued increase 
of captive primate welfare, methodological and statistical considerations of various 
network analyses, and suggest that future research in the captive setting (in particular, 
research examining sociality) should consider human caregivers as instrumental 
connections in the social networks of captive primates.  
 This investigation is the first to represent the social relationships of captive 
nonhuman primates and their human caregivers holistically using social network 
analyses. Humans were not social isolates in any of the analyzed networks; more 
specifically, human caregivers were well connected across the three networks and 
therefore hold prominent positions in the chimpanzee networks. This evidence supports 
previous research; for example, Jensvold (2008) proposes that using species-typical 
behavior with captive chimpanzee groups allows caregivers to insert themselves into the 
social network. Although many other factors may also contribute to the connectedness 
between chimpanzees and caregivers, the fundamental building and maintenance of 
chimpanzee-caregiver relationships (partially, through the use of species-typical 
behavior) in the husbandry practices of CSNW are likely the strongest component. The 
use of species-typical behavior in captivity has been found to decrease incidents of 
wounding (Jensvold, Field, Cranford, Fouts, & Fouts, 2005), increase chimpanzee 
cooperation during regular shifts of enclosure spaces (Case et al., 2015), and species-
typical submissions by human caregivers to chimpanzee agonism is thought to position 
humans at the bottom of the social hierarchy and create safe outlets for natural 
chimpanzee aggression (because of the physical separation, as opposed to chimpanzee-
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chimpanzee conflict) (Malone, Vaughan, & Fuentes, 2000; Sanz, Pollack, Ketter, Droigk, 
& Fouts, 1995). Our results further support the claims made by these authors in asserting 
the importance of human caregivers on the social worlds of captive nonhuman primates. 
Regardless of how such social bonds are formed, these relationships between captive 
animals and their human caregivers are should be of increasing interest in improving 
captive welfare conditions and developing husbandry protocols. 
Further analyses of the human position in captive social networks can provide 
insight and direction for the continued improvement of captive conditions, including the 
behavioral health and welfare of chimpanzees. Morimura et al. (2011) provide detailed 
accounts of human caregivers developing social relationships with chimpanzees during 
periods of stress and translocation (Chimpanzee Sanctuary Uto, Japan). For multiple 
reasons (e.g., health, handicaps, lack of sociability), captive chimpanzees are occasionally 
unable to live in social groups, but regardless of their suitability to share enclosure spaces 
with conspecifics, any captive chimpanzee requires human caregiving for survival. In 
these situations, human caregivers are likely able to form strong social bonds to provide 
the only social interactions for these chimpanzees. Further, these human-chimpanzee 
relationships could provide the scaffolding for chimpanzee-chimpanzee introductions and 
group formation (Morimura et al., 2011) as well as increase individual health and 
wellbeing by increasing the size of their social network (McCowan et al., 2016). While 
these studies explain the importance and applied function of these social relationships, 
our results demonstrate that such cross-species interactions can be assessed through SNA.  
 Our results also illuminate individual trends in chimpanzee-caregiver social 
relationships and suggest that these relationships with caregivers are individualistic to 
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each chimpanzee at CSNW. Specifically, Burrito and Jamie had the strongest 
relationships with human caregivers and even moderate the flow of relationships between 
the caregivers and the other chimpanzees (high betweenness in the CH-HU GR network). 
Given the heterogeneous rearing and early life histories of the individual chimpanzees in 
this group, these results are reasonable. While the particular details of each individual’s 
history are largely unknown, it is likely that Burrito and Jamie were born in a biomedical 
laboratory, raised in a human home (for five to nine years), and then returned to the 
biomedical setting. Annie, Missy, Jody, Foxie, and Negra were either born in a laboratory 
or wild-caught but lived the largest proportion of their lives in biomedical setting. The 
strong relationship between Jamie, Burrito, and human caregivers corresponds with 
recent research by Clay, Bard, and Bloomsmith (2017) who found that captive 
chimpanzees with increased human experience during rearing had an increased human 
orientation during adulthood. Such inter-species social bonds may also result largely from 
a facility’s encouragement or discouragement of species-typical social interactions 
between chimpanzees and caregivers during daily interactions (Case et al., 2015; 
Jensvold, 2008). Regardless of the origin of chimpanzee-caregiver bonds, previous life 
experiences, including the degree of human exposure, frequency and type of social 
opportunities, and social network size should be considered when broadly considering 
health and wellbeing in captivity (Kagan et al., 2015; McCowan et al., 2016). These 
variables may be especially pertinent when (1) developing or adopting husbandry 
protocols for retired biomedical chimpanzees possessing heterogeneous life histories and 
(2) transferring captive chimpanzees who are active in a chimpanzee-human social 
network to another facility where no chimpanzee-human interactions are permitted. 
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However, we emphasize the need for further investigations of captive nonhuman primate-
human caregiver interactions across all aspects of captivity (e.g., husbandry protocols, 
species-typical interactions, welfare, personality, rearing history, etc.). SNA provides an 
effective framework for holistically depicting social systems in a captive setting.  
 Although SNA provides structure for these analyses, the specific behavioral 
measures used to assess chimpanzee-human relationships should be scrutinized and 
possibly modified. We used measures of nearest neighbor proximity, directional 
grooming, and agonism to assess the relationships in our study, but we highlight some 
methodological considerations for future work. Namely, nearest neighbor relationships 
are particularly challenging in the sanctuary setting because few individuals were rarely 
without a neighbor, thus leading to association metrics that indicated high density. 
However, if we had used basic proximity (within 3m) for such association metrics, we 
might have excluded a number of instances where humans were an individual’s nearest 
neighbor but were not within proximity because of the physical separation of enclosure 
spaces. Furthermore, grooming between chimpanzees and caregivers requires close 
proximity that might be stressful or induce anxiety for chimpanzees who exhibit 
symptoms of post-traumatic stress (e.g., Bradshaw, Capaldo, Lindner, & Grow, 2008; 
Ferdowsian et al., 2011). Because of this, some chimpanzees’ affiliative relationships 
with caregivers may not have been appropriately gauged through this specific measure 
but would be more precisely assessed through play or other non-contact affinitive 
behaviors. However, authors may be faced with issues of differences in reciprocity and 
directionality of such interactions (namely, simultaneous play: Burghardt, 2005; Fagan, 
1981). Statistically, our results indicated an increase in reciprocity from the CH to CH-
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HU AG networks, but little evidence supports this finding because humans were never 
observed to act in agonistic interactions (Table A6). However, it is obvious that few 
chimpanzees interacted with human caregivers in agonistic ways, which thereby 
introduced multiple null dyads to the agonistic matrix (dyads with unobserved or 
unknown relationships). Dominance hierarchy analyses have been found to be affected by 
null dyads (Klass & Cords, 2011), and we suspect that measures of reciprocity and 
unidirectionality in SOCPROG might be equally effected; however, further research on 
this topic is necessary.  
 In conclusion, our results emphasize the connectedness of chimpanzees and their 
human caregivers at CSNW. We have demonstrated the use of SNA and its utility in 
describing such cross-species social networks and relationships. Our results have 
relevance for captive welfare, health, translocation, and husbandry protocols for many 
conditions of captive nonhuman primate care. We posit that these SNA methods and 
analyses depict a holistic and ecologically valid social structure of the relationships 
between captive primates and their caregivers; however, we also acknowledge and 
provide methodological and statistical considerations for future investigations.  
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DOMINANCE AND TESTOSTERONE: A CASE STUDY FROM A SMALL 
GROUP OF SANCTUARY-LIVING CHIMPANZEES (PAN TROGLODYTES) 
Literature Review 
In many free-living species, conflict and competition arise for multiple reasons, 
such as access to food resources (van Schaik, 1989), use of space (Williams, Pusey, 
Carlis, Farm, & Goodall, 2002), and access to mates (Clutton-Brock, 1989). It occurs 
between mates (Smuts & Smuts, 1988), between parents and offspring (Bateson, 1994), 
and during travel (Boinski, 2000). Agonistic interactions in gregarious species are 
influenced by environmental, genetic, physiological, social, or fearful conditions. 
Therefore, it can be said that the hormone-agonistic behavior interplay is often 
complicated and confounded by extraneous variables (e.g., Eisenegger, Haushofer, & 
Fehr, 2011; Neave, 2008).  
Testosterone is most commonly associated with male sexual aggression but is also 
secreted by female ovaries in most vertebrate (namely, mammal) species (Reed et al., 
2006). In many investigations, androgen testosterone has been found to correlate with 
observed rates of aggression and individual aggressive tendencies (e.g., Archer, 1988; 
Dabbs, 2000; Gaines et al., 1985; Higley et al., 1996), but confounding evidence has also 
been presented by multiple authors (e.g., Berndtson & Desjardins, 1974; Caldwell, 
Glickman, & Smith, 1984). More generally, testosterone has been shown to affect the 




Across mammals, testosterone correlates with increases in resource defense, 
testicular activity, and the breeding cycles of nearby females (Wingfield & Marler, 1988). 
In primates, the “challenge hypothesis” predicts that levels of testosterone increase during 
periods of increased aggression, female receptivity, seasonal mating periods, social 
dominance instability, and the establishment of or challenges to territorial boundaries 
(Wingfield, Hegner, Dufty, & Ball, 1990). Evidence for this hypothesis has been 
demonstrated across multiple genera, for example Sapolsky (1983) found that wild male 
olive baboon (Papio anubis) testosterone levels correlated with dominance rank during 
periods of instability, but not during periods of rank stability. However, in wild male 
chimpanzees at Ngogo, Muehlenbein, Watts, and Whitten (2004) found that fecal 
testosterone levels directly correlated with dominance rank (derived through submissive 
and aggressive behavior) during periods of dominance stability, although these 
differences may be due to varying characterizations of rank “instability,” as only recently 
have methods emerged to objectively quantify this instability (e.g., Elo-rating: Neumann 
et al., 2011). Muller and Wrangham (2004) have also tested the challenge hypothesis with 
male chimpanzees of Kibale and found that testosterone significantly increased in the 
presence of parous females in estrus as a function of aggressive behavior rather than 
sexual behavior, further positing that high-ranking males are more aggressive and 
produce more urinary testosterone compared to low ranking males. However, no 
correlation was found between dominance rank and testosterone in the small group of 
chimpanzees at the Chimpanzee and Human Communication Institute (Washington, 
USA: Sanz, 1999; Sanz, Pollack, Ketter, Droigk, & Fouts, 1995). 
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While testosterone levels in female chimpanzees have not been investigated, 
based on other mammalian studies, it can be assumed that females have relatively low 
levels of testosterone (compared to males) but are more sensitive to changes in endocrine 
system secretion (Dabbs, 2000), especially as they reach menopause and hormone 
fluctuation decreases (as young as 30 years; Fritz, Videan, Heward, & Murphy, 2006). 
Evidence of testosterone-rank correlations demonstrate the potential ability to predict 
male dominance based on relative levels of testosterone, and based on biological 
secretions, it is possible that females may demonstrate similar patterns but at lower 
levels. 
 In this investigation, I collected social, behavioral, and fecal testosterone data 
from a group of seven captive, sanctuary-living chimpanzees at Chimpanzee Sanctuary 
Northwest, Cle Elum, WA. Specifically, I investigated the possible relationship between 
fecal testosterone levels and median context-dependent dominance ranks (see Chapter I). 
Predicted by the research of Muehlenbein et al. (2004), Muller and Wrangham (2004), 
Sapolsky (1983), and Wingfield et al. (1990), I hypothesized that individual levels of 
fecal testosterone would positively correlate with at least one context-dependent 
dominance ranking order (see Chapter II, Table 4).  
Methods 
Study Site and Chimpanzee Individuals 
 This research involves one group of captive chimpanzees (Pan troglodytes) at 
Chimpanzee Sanctuary Northwest (CSNW) in Cle Elum, WA. CSNW is accredited by 
the Global Federation of Animal Sanctuaries (GFAS) and is a member sanctuary of the 
North American Primate Sanctuary Alliance (NAPSA). This chimpanzee group is 
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composed of one male and six females (N = 7), ages 34 to 44 years with no genetic 
relatedness (see Chapter II, Table 1). Little is known about each individual’s specific 
early life history; however, their early-life histories pet homes, the entertainment 
industry, wild-caught, or laboratory-born. All seven retired to CSNW from a biomedical 
research facility in June 2008. The seven chimpanzees have been exclusively housed 
together since arriving at the sanctuary. At CSNW, the chimpanzees had systematic 
access to seven conjoined enclosure spaces, three small indoor rooms (~9.5 m2 each), one 
slightly larger indoor room (~13 m2), one large two-story indoor room (~111 m2), one 
indoor-outdoor space (caged walls with solid roof and bark substrate) with climbing 
structures (~56 m2), and one large open-topped outdoor space (electric-fenced, earth 
substrate) with multiple climbing structures (~1 ha). The chimpanzees were provided 
three meals per day of various fruits, vegetables, and manufactured primate “chow” 
(breakfast: 10:00; lunch: 13:00; dinner: 16:30) either individually served by a caregiver 
or forage-style. The chimpanzees also had constant access to water, were provided object 
enrichment each morning, and food-puzzle enrichment each evening. This research 
complies with the protocol approved by Central Washington University’s Institutional 
Animal Care and Use Committee (protocol no. A041701) 
Behavioral Data Collection  
See Chapter II for a description of the methods and analyses of captive 
chimpanzee context-dependent dominance.  
Fecal Testosterone 
 I opportunistically collected fecal samples from all seven chimpanzees from June 
through August 2017. Bowel movements that were deposited by positively identified 
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chimpanzees were noted for collection by sanctuary staff (or myself) during routine 
enclosure cleaning. I aimed to collect samples from each individual once per month 
(June, July, and August), which would have resulted in at least three samples from each 
individual. I dated, labeled (chimpanzee ID), and stored the collected samples at -70 C 
until they were shipped to St. Louis Zoo’s Endocrine Diagnostic Services for analys is via 
the DetectX Testosterone Immunoassay Kit (Arbor Assays). From the obtained results, I 
calculated the average testosterone level (ng/g) across all samples from an individual and 
then ranked each individual by their average testosterone value from 1 (highest value) to 
7 (lowest value). I investigated the correlations between these ranked testosterone levels 
and the median context-dependent dominance ranks (Chapter II) with a Spearman’s 
correlation coefficient in R (R Core Team, 2016)  
Results 
I collected 3557 social events (1263 agonistic, 2294 affiliative), 62 changes in 
access, 518 scan samples, and 61 fecal samples (M = 8.7 per individual) from June 15 to 
September 14, 2017 (N = 32 days) between 9:00 and 17:00.  
Dominance Rank 
See Chapter II for detailed results of the median dominance ranks across agonistic 
competition, lack of agonism, privileged role, and access to resources dominance using 





Individual Levels of Testosterone 
 From the fecal testosterone results received from the St. Louis Zoo, two values 
were discarded as clear outliers (Foxie: 1032 ng/g, Burrito: 114 ng/g). All remaining 
fecal testosterone results are reported in Table A2. The results indicated that Missy had 
the highest average testosterone level (53.8 ± 11.1), followed by Burrito (52.5 ± 15.6), 
Negra (50.8 ± 7.8), Jody (36.3 ± 12.2), Jamie (29.7 ± 6.4), Foxie (24.1 ± 19.4), and Annie 
(22.3 ± 9.5). The individual testosterone value averages are plotted in Figure 1. 
 
Table 1  














Annie 7 7 7 7 7 
Burrito 3 1 5 3 2 
Foxie 2 6 2 3 6 
Jamie 1 2 4 1 5 
Jody 6 4 3 4 4 
Missy 4 6 6 6 1 
Negra 4 3 1 2 3 
Note. The median context-dependent dominance ranks reported in this table are modified 




Table 2  
Fecal Testosterone Results for All Samples 









Annie 6/24/17 24.7  Jamie 7/6/17 27.0 
Annie 6/25/17 28.7  Jamie 7/12/17 30.2 
Annie 6/30/17 28.7  Jamie 7/17/17 28.8 
Annie 7/3/17 30.0  Jamie 7/18/17 28.9 
Annie 7/4/17 30.5  Jamie 7/28/17 19.5 
Annie 7/9/17 17.2  Jamie 8/4/17 33.5 
Annie 7/28/17 16.9  Jamie 8/10/17 19.0 
Annie 8/16/17 14.9  Jamie 8/28/17 24.3 
Annie 8/19/17 12.3  Jody 6/16/17 27.1 
Annie 8/25/17 18.8  Jody 6/25/17 44.1 
Burrito 6/21/17 44.9  Jody 7/6/17 34.0 
Burrito 6/24/17 50.9  Jody 7/10/17 41.5 
Burrito 6/28/17 58.0  Jody 7/12/17 33.7 
Burrito 7/7/17 39.5  Jody 7/29/17 35.8 
Burrito 7/17/17 51.6  Jody 8/7/17 42.1 
Burrito 8/15/17 70.0  Jody 8/16/17 39.1 
Foxie 6/24/17 41.6  Jody 8/24/17 29.2 
Foxie 6/25/17 31.6  Missy 6/17/17 46.5 
Foxie 7/3/17 19.1  Missy 6/25/17 68.1 
Foxie 7/4/17 34.6  Missy 6/30/17 56.8 
Foxie 7/9/17 15.0  Missy 7/4/17 47.4 
Foxie 7/12/17 13.2  Missy 8/7/17 59.2 
Foxie 7/30/17 23.3  Missy 8/24/17 45.0 
Foxie 8/15/17 17.4  Negra 6/15/17 52.9 
Foxie 8/28/17 20.9  Negra 7/3/17 55.1 
Jamie 6/25/17 53.4  Negra 7/4/17 27.0 
Jamie 6/28/17 25.7  Negra 7/30/17 55.9 
Jamie 6/29/17 41.2  Negra 8/27/17 78.9 
Jamie 7/3/17 25.4  Negra 9/14/17 34.7 




Figure 1. Bar chart of mean testosterone value (ng/g) for each chimpanzee in order from 
highest to lowest. Error bars represent the standard deviation for each individual.  
 
Testosterone and Dominance Rank Correlations 
 
 I utilized the median context-dependent dominance rank derived in Table A1 and 
the ordinal ranking of average testosterone values (highest to lowest) to investigate the 
relationship between dominance and testosterone level. I conducted pair-wise Spearman 
correlation coefficient analyses in R (R Core Team, 2016) and found no significant 
relationships between median context-dependent dominance ranks and average 
testosterone level: agonistic competition (rho = 0.072, p = 0.88), lack of agonism (rho = 
0.450, p = 0.31), privileged role (rho = 0.00, p = 1.00), and priority access to resources 

































Figure 2. Median context-dependent dominance ranks and ranks of average testosterone. 
 
Discussion 
 These results provide no statistically significant evidence to support my 
hypothesis that individual fecal testosterone levels positively correlate with context-
dependent dominance ranks. The lack of significant correlations between dominance and 
testosterone opposes the results of other authors (e.g., Muehlenbein et al., 2004; Muller & 
Wrangham, 2004). As described by Neave (2008), the interplay between behavior 
(specifically, aggression) and hormones (specifically, testosterone) is complex and may 
be affected by multiple extraneous variables. In the following sections I attempt to shed 
light on possible variables that were unaccounted for in this investigation.  
 The seven chimpanzees of this study were retired from biomedical research after 
being subjects in a variety of experiments or frequently used in breeding programs for 25-




























Agonistic Competition Lack of Agonism Privileged Role
Priority Access to Resources Average Testosterone
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broadly and ambiguously describe these experiments; therefore, the exact nature of each 
individual’s involvement in such programs is unknown. The lack of correlation in this 
investigation may be due to the chimpanzees’ exposure to hormones or other chemical 
agents during their time in biomedical research.  
 Similarly, variation in reproductive status might be moderating these results. Prior 
to retiring to CSNW, Burrito was vasectomized, Missy and Foxie had hysterectomies 
(inclusive of oophorectomies), and Negra (with no record of hysterectomy) has never 
been observed to cycle; this means that only Annie, Jamie, and Jody experience estrus. 
While the occurrence of menopause in nonhuman primates has been observed (Takahata, 
Koyama, & Suzuki, 1995; Walker & Herndon, 2008), the cited occurrences are 
infrequent and its observed onset is variable (between 30-50 years; Fritz et al., 2006; 
Herndon et al., 2012). It is unclear if Negra (at an estimated age of 45 years) has naturally 
transitioned through menopause or if her records do not accurately describe the surgical 
procedures she has undergone. In any case, studies of human females who have 
experienced menopause indicate little to no change in testosterone levels post-transition, 
whereas testosterone levels after oophorectomy significantly decrease (Burger, Dudley, 
Cui, Dennerstein, & Hopper, 2000; Davison, Bell, Donath, Montalto, & Davis, 2005). 
Studies in male mammals indicate that vasectomies have little to no impact on 
testosterone levels (Batista et al., 2002; Joshi, 1981). Considering these trends in 
research, the reproductive status of the chimpanzees, and natural individual variation in 
hormone levels, little clarity is added to the interpretation of these results; specifically, it 
makes little intuitive sense as to why Missy (who experienced a 
hysterectomy/oophorectomy) has the highest testosterone values.  
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 Further confounding these results are the confines of captivity. Wingfield et al. 
(1990) postulate that hormones require natural environmental variables for natural 
expression and secretion. It is possible that the natural relationships between these 
variables are not present because the natural conditions that call for such hormone-
behavior interchanges are not necessary or possible in this sanctuary setting (e.g., large 
social groups, typical group membership and demographics, extreme competition for 
resources, challenged dominance positions, natural reproduction, etc.). I advise future 
investigations of testosterone and dominance in captive chimpanzee groups to examine 
the ecological validity of such relationships in any given setting and consider a broader 
set of explanatory variables: e.g., rates of other social behaviors (Batrinos, 2012; Wobber 
et al., 2010), female estrus cycling (Rothman et al., 2011), muscle mass and exercise 
(Thompson, Muller, & Wrangham, 2012; Wood, 2002), stress (Mehta & Josephs, 2010; 
Milich, Georgiev, Petersen, Thompson, & Maestripieri, 2018; Sanz, 1999), rearing 
history and previous experiences (Bogart, Bennett, Schapiro, Reamer, & Hopkins, 2014; 
Clay, Bloomsmith, Bard, Maple, & Marr, 2015), and personality (Daitzman & 
Zuckerman, 1980; Harris, Rushton, Hampson, & Jackson, 1996; Sellers, Mehl, & 
Josephs, 2007).  
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Chapter II  
Our approach to juxtapose dominance rank analyses and derive various context-
dependent dominance structures contributes to larger conversations on dominance style, 
correlates with other behavioral methods, methodological considerations, and statistical 
inconsistencies. With current and past variability in behavioral measures of dominance 
and statistical methods to derive dominance rankings, it is imperative to test 
methodologies and novel configurations of computational analyses against ecological 
validity and theoretical soundness. We were able to cross-check such analyses by using 
data from two primate species, in four different dominance contexts, analyzed with five 
different dominance ranking statistics, and compared across five other social networks. 
These results do not just speak to the structures of dominance and their social correlates 
in these two primate groups but also contribute to broader considerations of how to 
define, measure, test, and validate dominance as a construct. Specifically, our results 
indicate the presence of context-dependent dominance and individual social roles in the 
captive chimpanzee group, one broadly defined dominance structure in the Tibetan 
macaque group, high within-rank reliability, but little cross-context predictability, as well 
as supported notions of formalized signals of subordination as the most insightful 
measures of dominance and unknown relationships (null dyads) having notable impact on 
these analyses. Overall, we suggest this approach is preferred over more narrowly defined 
investigations of dominance where one or few behavioral metrics and statistical analyses 





 We aimed to better understand the relationships between chimpanzees and 
caregivers at Chimpanzee Sanctuary Northwest (CSNW) through the utilities of SNA. 
Using node and network statistics, we observed that Annie holds high degree and 
centrality in the NN network, and the network has high density and connectedness. 
Meanwhile, Jody and Missy hold high degree and centrality in the GR network, whereas 
humans are peripheral but have strong relationships with Jamie and Burrito. In the AG 
networks, our results indicate that Burrito holds high degree and centrality, whereas 
humans, Foxie, and Negra are peripheral. Our constructed PCA sociograms (Figures 1 – 
6) visually represent each node’s position in each type of network across all network 
measures. Our analyses for community divisions by modularity resulted in no significant 
clustering or sub-groups across any network. This is likely because of the high 
connectedness and density of these networks. The directionality of these behaviors across 
the GR networks can be said to be moderately reciprocal, whereas the AG networks are 
only reciprocal when humans were included (likely due to the increased number of null 
dyads). Overall, these results indicate that human caregivers hold prominent positions in 
captive chimpanzee social networks across multiple behavioral measures. These results 
have implications for the continued increase of captive primate welfare, methodological 
and statistical considerations of various network analyses, and suggest that future 
research in the captive setting (in particular, research examining sociality) should 





These results provide no statistically significant evidence to support hypotheses of 
individual fecal testosterone levels positively correlating with context-dependent 
dominance ranks. The lack of significant correlations between dominance and 
testosterone opposes the results of other authors (e.g., Muehlenbein et al., 2004; Muller & 
Wrangham, 2004). As described by Neave (2008), the interplay between behavior 
(specifically, aggression) and hormones (specifically, testosterone) is complex and may 
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Chimpanzee Agonistic Competition Matrix 
 Annie Burrito Foxie Jamie Jody Missy Negra 
Annie  23 0 0 1 2 2 
Burrito 25  16 19 26 11 12 
Foxie 0 26  0 0 0 0 
Jamie 2 35 1  4 2 2 
Jody 2 12 0 0  0 0 
Missy 4 16 0 2 0  0 





Chimpanzee Lack of Agonism Matrix 
 Annie Burrito Foxie Jamie Jody Missy Negra 
Annie  3 6 1 3 2 0 
Burrito 105  82 86 122 104 96 
Foxie 3 4  2 2 3 0 
Jamie 9 21 12  14 18 6 
Jody 5 4 3 2  2 1 
Missy 14 1 0 1 1  1 





Chimpanzee Privileged Role Matrix 
 Annie Burrito Foxie Jamie Jody Missy Negra 
Annie  14 1 11 14 33 0 
Burrito 12  48 31 43 72 15 
Foxie 7 68  36 52 8 3 
Jamie 19 33 23  46 72 1 
Jody 88 74 26 48  114 14 
Missy 176 54 0 18 39  3 







Chimpanzee Access to Resources Matrix 
 Annie Burrito Foxie Jamie Jody Missy Negra 
Annie  6 20 4 7 22 24 
Burrito 66  55 18 49 66 63 
Foxie 44 11  13 17 30 30 
Jamie 67 55 53  64 66 59 
Jody 65 25 49 9  57 53 
Missy 49 7 35 6 16  36 

























































































BT   3 0 0 0 2 2 0 1 1 0 0 0 5 0 1 0 1 0 0 1 0 0 1 
DS 0  0 0 2 6 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
GS 2 3  0 0 2 2 0 1 1 0 0 0 0 0 4 0 0 0 0 2 0 0 1 
HH 0 0 0  0 3 1 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
HM 0 0 0 0  0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
HT 0 3 0 1 0  1 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
HXM 0 0 1 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 
TG 2 1 0 0 0 4 3  1 3 0 0 0 2 0 3 1 3 3 1 1 3 2 1 
TH 0 0 0 0 0 0 1 0  3 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
THY 0 0 0 0 0 0 0 1 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TR 0 1 0 0 0 0 1 0 0 2  0 0 2 0 0 0 0 0 0 1 0 0 0 
TRG 0 0 0 0 0 0 2 0 0 1 0  0 0 0 0 0 0 0 0 0 0 0 0 
TRY 0 1 0 0 0 0 0 0 0 2 0 0  0 0 2 0 0 0 0 0 0 1 0 
TT 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 
TXH 0 0 0 0 1 1 0 0 0 0 0 0 0 3  2 0 0 1 0 0 0 2 0 
TXX 0 1 0 0 0 0 2 0 0 0 0 0 0 2 0  0 1 0 0 0 0 0 0 
YCY 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0  1 1 0 0 2 0 0 
YH 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0  1 0 0 2 0 0 
YM 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0  0 0 0 0 0 
YRB 2 2 0 5 2 4 6 2 0 0 0 0 0 2 0 1 0 3 1  2 8 2 5 
YRQ 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0  0 0 0 
YXX 0 0 0 2 0 2 0 0 1 2 0 0 0 0 0 2 0 0 2 0 0  0 0 
YZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 
























































































BT   1 0 0 0 0 1 0 1 2 0 0 0 4 3 1 0 0 0 0 1 0 0 0 
DS 0  0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
GS 1 1  0 0 0 0 0 2 0 0 0 2 0 2 1 0 0 0 0 2 0 1 0 
HH 0 0 0  0 1 0 0 1 1 0 0 1 2 0 0 0 0 0 0 0 0 2 0 
HM 0 0 0 0  0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HT 0 1 0 0 0  1 0 0 2 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
HXM 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TG 1 0 0 0 0 0 2  1 2 0 0 0 3 0 0 1 1 1 1 2 5 1 2 
TH 0 0 0 0 0 0 1 0  0 0 0 2 0 0 0 0 0 0 1 1 0 1 0 
THY 0 0 0 0 0 0 0 0 0  0 0 0 0 0 1 0 0 0 0 0 0 0 0 
TR 0 1 0 0 0 0 1 0 0 1  1 1 1 0 0 0 0 0 1 1 0 1 0 
TRG 0 0 0 0 0 0 1 0 0 1 0  0 0 0 0 0 0 0 0 0 0 0 0 
TRY 0 1 0 0 0 0 0 0 0 2 0 0  0 0 0 1 0 0 1 0 1 1 1 
TT 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 
TXH 0 0 0 0 0 0 0 0 0 0 0 0 2 0  0 0 0 0 0 0 1 2 0 
TXX 0 1 0 0 0 0 1 0 0 0 0 0 4 1 0  0 0 0 0 0 0 0 0 
YCY 0 0 0 0 0 0 0 0 0 1 1 0 2 1 0 1  0 0 1 0 0 0 1 
YH 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 2 1  1 0 2 2 0 0 
YM 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 0 0  0 0 0 0 0 
YRB 2 2 0 5 0 0 4 0 0 0 3 0 0 1 2 1 0 2 1  1 4 2 1 
YRQ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 
YXX 0 0 0 3 0 0 0 0 1 2 0 0 4 0 2 3 4 0 1 2 0  1 1 
YZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 




A1 FIGURE. Elo-rating diagram for Chimpanzee Agonistic Competition – ELO 
 




A3 FIGURE. Elo-rating diagram for Chimpanzee Privileged Role – ELO 
 




















A9 FIGURE. Chimpanzee Agonistic Competitions – ADAGIO 
 




A11 FIGURE. Chimpanzee Privileged Role – ADAGIO 
 




A13 FIGURE. Tibetan macaque Agonistic Competition – ELO 
 




A15 FIGURE. Tibetan macaque Agonistic Competition – PERC 
 
 





A17 FIGURE. Tibetan macaque Agonistic Competition – ADAGIO 
 
 





CHAPTER III SUPPLEMENTAL INTERACTION MATRIXES 
 Table B1 
Chimpanzee Nearest Neighbor Adjacency Matrix 
Annie  60 75 37 73 209 114 
Burrito 60  83 67 169 43 55 
Foxie 75 83  89 71 29 82 
Jamie 37 67 89  46 36 50 
Jody 73 169 71 46  46 77 
Missy 209 43 29 36 46  40 
Negra 114 55 82 50 77 40  
 Annie Burrito Foxie Jamie Jody Missy Negra 
 
Table B2 
Chimpanzee-Caregiver Nearest Neighbor Adjacency Matrix 
Annie  60 75 14 37 73 209 114 
Burrito 60  83 61 67 169 43 55 
Foxie 75 83  51 89 71 29 82 
Human 14 61 51  195 15 62 34 
Jamie 37 67 89 195  46 36 50 
Jody 73 169 71 15 46  46 77 
Missy 209 43 29 62 36 46  40 
Negra 114 55 82 34 50 77 40  




Chimpanzee Grooming Adjacency Matrix 
Annie  12 7 19 88 176 6 
Burrito 14  68 33 74 54 37 
Foxie 1 48  23 26 0 8 
Jamie 11 31 36  48 18 14 
Jody 14 43 52 46  39 40 
Missy 33 72 8 72 114  23 
Negra 0 15 3 1 14 3  




Chimpanzee-Caregiver Grooming Adjacency Matrix 
Annie  12 7 5 19 88 176 6 
Burrito 1  68 1 33 74 54 37 
Foxie 1 48  0 23 26 0 8 
Human 0 2 2  28 0 16 9 
Jamie 11 31 36 30  48 18 14 
Jody 14 43 52 1 46  39 40 
Missy 33 72 8 0 72 114  23 
Negra 0 15 3 1 1 14 3  
 Annie Burrito Foxie Human Jamie Jody Missy Negra 
 
Table B5 
Chimpanzee Agonism Adjacency Matrix 
Annie  26 6 1 4 5 2 
Burrito 130  98 105 148 115 108 
Foxie 3 30  2 2 3 0 
Jamie 11 56 13  18 20 8 
Jody 7 16 3 2  2 1 
Missy 18 17 0 3 1  1 
Negra 3 4 3 0 6 13  




Chimpanzee-Caregiver Agonism Adjacency Matrix 
Annie  26 6 1 1 3 3 0 
Burrito 130  98 10 103 148 115 108 
Foxie 3 30  5 2 2 3 0 
Human 0 0 0  0 0 0 0 
Jamie 11 55 13 54  18 19 8 
Jody 5 16 3 16 2  2 1 
Missy 17 17 0 8 1 1  1 
Negra 2 4 3 6 0 6 13  
 Annie Burrito Foxie Human Jamie Jody Missy Negra 
 
